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UQUID INK USING AN ACID-BASE CROSSUNKED ORGANOSOL 

TECHNICAL FIELD 
This invention relates to liquid ink con^)ositions» in particular, to pigments 
di^>ersed in gel organosols to provide improved ink conq)o^ons and liquid toners 
5 for use in ink transfer, ionographic, electrographic and electrophotographic printing 
processes. 

BACKGROUND 

Liquid inks are widely used in a variety of printing processes, for example 
offset, intaglio, rotogravure, ink jet and electrographic printing. Many of the desired 

10 characteristics of the pigment dispersions used in the liquid inks are the same for each 
of the respective processes even though the final ink formulations may be 
substantially different For example, the stability of the pigment dispersion both on 
the shelf and under shear conditions is an important consideration regardless of the 
final use of the liquid ink. The ait continuously searches for more stable pigment 

15 dispersions to provide more flexibility in ink formulations^ vMch in turn yields better 
efficiency and waste reduction in the various printing processes. 

Qectrographic printing refers to a printing process that uses an applied electric 
field and charged particles to produce a printed image on a recq)tor material. The art 
generally refers to the charged particles as toners. Electrographic printing generally 

20 inchides electrostatographic printing, ionographic printing, electrophotographic 

printing and the like. In electrophotographic implications, which include devices such 
as photocopiers, laser printers, facsimile machines and the like, the toners may be in 
the form of dry particles or particles dispersed in a carrier liquid. Particles dispersed 
in a liquid medium for imaging purposes are generally referred to as liquid inks, 

25 liquid toners or liquid developers. 

Generally, the electrophotographic process includes the steps of forming a 
latent electrostatic image on a diarged photoconductor by exposiiig the 
photoconductor to radiation in an imagewise pattern, developing the image by 
contacting the photoconductor with a liquid developer, and finally transftming the 
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image to a receptor. Tlie find transfer stq) may be performed eith« directly or 
indirectly through an intermediate transport member. The developed image is usually 
subjected to heat and/or pressure to permanently fuse the image to the receptor. 

In the field of electrographic printing, particularly electrophotogr^hic 

5 printing, a variety of both liquid and dry developing con^sitions have been 

employed to develop the latent electrostatic images. Dry toner compositions suffer 
fiom a numb^ of disadvantages. For example, dry toners are known to be difficult to 
control during the latent image development and transfer processes; this leads to toner 
scatter within the printer device and may create excessive amounts of dust and 

10 abrasive wear of the printer conq)onents. Some dry toner compositions must also be 
fixed by fusing at elevated temperature, i^ch requires a large source of energy and 
may limit the dioices of receptor materials to which the developed latent image may 
be transferred. Moreover, diy tonm must be triboelectrically charged, which nudces 
the printing process very sensitive to both the tmperature and humidity of the 

15 ambient air and may result in printing delays due to charge eqiiilibration. The limited 
particle size of the toner is another disadvantage of dry toners. If the particle size is 
small, the dry toner can become airborne and create a potential health hazard due to 
inhalation of the particles. On the other hand, the larger particle sizes make it difficult 
to obtun high resolution images. 

20 Many of the disadvantages accompanying the use of dry toner compositions 

have been avoided by the use of liquid developers or tonm. For example, liquid 
toners contain smaller particles than dry toners resulting in higher resolution images. 
In addition, liquid toners are not triboelectrically charged; therefore, they are much 
less sensitive to changes in ambient temperature and humidity. Since the toner 

25 particles in a liquid developer are contained within a fluid phase, toner scatter and 
dust accumulation do not occur within the printer. In addition, the particles being 
contained within a liquid matrix will not become airborne thus eliminating the risk of 
inhalation of the particles. 

Liquid toners typically comprise an electrically insulating liquid that serves as 
30 a carrier for a dispersion of charged particles known as toner particles composed of a 
colorant and a polymeric binder. A diarge control agent is often included as a 
component of the liquid developer in order to regulate the polarity and magnitude of 

2 
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the charge on the toner particles. Liquid toners can be cat^oxized into two primary 
classes, for convenience, the two classes will be referred to as conventional liquid 
toners and organosol toners. 

Of particular utility are the class of liquid toners which make use of self-stable 
graft copolymers diqiersed in an organic solvent (organosols) as polymeric binders to 
promote self-fixing of a developed latent image. U.S. Patent Nos. 3,753,760; 
3,900,412; 3.991,226; 4,476,210; 4,789,616; 4,728.983; 4,925.766; 4.946.753; 
4.978.598 and 4.988.602 describe compositions and uses of graft copolymer 
organosols. Bcemplaiy liquid electrophotographic, pigmented inks made using self- 
stable graft copolymer organosols are illustrated by Kosel in U.S. 3,900.412. 

Self-stable organosols are colloidal (0.1-1 miaon diameter) particles of 
polymeric binder that are typically synthesized by nonaqueous dispersion 
polymerization in a low dielectric hydrocarbon sohrent. These organosol particles are 
sterically-stabilized with respect to aggregation by the use of a physically-adsorbed or 
chemically-grafted soluble polymer. Details of the mechanism of such steric 
stabilization are provided in Napper, D.H.. Polvmeric Stabilization of Colloidal 
Dispersions. Academic Press, New York, NY, 1983. Procedures for effecting the 
synthesis of self-stable organosols are known to those skilled in the art and are 
described in Dis persion Polymerization in Qrf^anic Media. K.E. J. Barrett, ed., John 
Wiley: New York. NY, 1975. Although it is generally recognized that the solvation 
of the particle is critical in the formation of a dispersion, none of the foregoing 
references recognize the utility of a gel in forming a stable dispersion. 

The most commonly used non-aqueous dispmion polymarization method is a 
free radical polymerization carried out when one or more ethylenically-Hinsaturated 
(typically acrylic) monomers, sohible in a hydrocarbon medmm, are polymerized in 
the presence of a preformed amphipathicpolymw. The preformed amphipathic 
polymer, commonly referred to as the stabilizer, has two distinct ends, one essentially 
insoluble in the hydrocarbon medium, the other freely sohible. When the 
polymerization proceeds to a fractional conversion of monomer conrespon^ng to a 
critical molecular weight, the sohibUity limit is exceeded and the polymer precipitates 
from sohition, forming a core particle. The anH)hipathic polymw" then either adsori)S 
onto or Govalentiy bonds to the core, which core continues to grow as a discrete 
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particle. The particles condime to grow until monomer is depleted; the adsorbed 
amphipathic polymer "shell" acts to sterically-stabilize the growing core particles with 
respect to aggr^tion. Hie resulting core/shell polymer particles cotnpnse a self- 
stable, nonaqueous colloidal dispersion (organosol) comprised of distinct spherical 
5 particles in the size (diameter) range 0. 1*0.5 miax)ns. 

The resulting organosols can be subsequently converted to liquid toners by 
simple incorporation of the colorant (pigment) and charge director, followed by high 
shear homog^iization, ball-milling, attritor milling, high energy bead (sand) milling 
or other means known in the art for effecting particle size reduction in a dispmion. 

10 The input of mechanical en^gy to the dispersion during milling acts to break down 
aggregated pigment particles into prinuuy particles (O.OS-1.0 micron diameter) and to 
"shred" the organosol into fragments that adhere to the newly-created pigment 
surfiice, ihNdby acting to sterically-stabilize the pigment particles with respect to 
aggregation. The'^charge director may physically or chemically adsorb onto the 

15 pigment, the organosol or both. The result is a sterically-stabilized, charged, 

nonaqueous pigment dispersion in the size range 0.1-2.0 microns, with typical toner 
particle diameters between 0.1-O.S mioons. Such a sterically-stabilized dispersion is 
ideally suited for use in high resohttion printing. 

Rapid self-fixing is a critical requirement for liquid toner perfomumce to 
20 avoid printing defects (such a smearing or trailing-edge tailing) and inconq>lete 

transfer in high speed printing. A description of these types of defects and methods of 
preventing them using film forming compositions are described in U.S. Patent Nos. 
5.302,482; 5,061,583; 4,925,766; 4,507,377; and 4,480,022. 

Anotho- important consideration in formulating a liquid toner is the tack of the 
25 image on the final receptor. If the image has a residual tack, then the image nuty 
become embossed or pidced o£F when placed in contact with another surfitce. This is 
especially a problem when printed sheets are placed in a stack. If the image is tacky, it 
may transfer to the badcside of the adjacent sheet. To address this concern, a film 
laminate or protective layer is typically placed over the surface of the image. This 
30 adds both extra cost of materials and extra process steps to apply the protective layer. 

It is further known in tiie art that film-forming liquid toners fabricated usirig 
self-stable organosols ^merally exhibit excellent aggregation stability; however, the 
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sedimenution stability of such inks is poor. Once the components of an organosol ink 
have settled, they are generally difficult if not impossible to redisperse to a d^ree of 
dispersion equivalent to the original, unsettled ink. This situation arises because self- 
stable organosol inks settle into closely packed, dilatant sediments, and irreversible 

5 fdm formation can occur in these sediments when the volume fraction of organosol in 
the sediment exceeds the critical volume fraction required for film formation to occur 
(generally greater than 70 volume percent organosol). Hoice, there is a need for 
liquid ink compositions that will overcome this poor sedunentation and redispersion 
behavior of organosol inks. 

10 Attempts have been made to provide liquid developers having improved 

storage and thermal stability using a two componmt gel/latex system. U.S. Patent 
Nos. 4.374.918; 4,363,863; 4,306,009; GB 2,066,493; and GB 2,065,320 describe 
liquid developers incorporating polymers having borderiine solubility in the carrier 
solvent A weakly crosslinked stabilizing gel and a separate latex (or gelatex) are 

15 used as a dispmant and/or fixative. The gel and latex are separate molecular species 
in the ink formulation. That is, the weakly crosslinted gel and latex are not 
covalently bonded to each other. Separate molecular components can lead to 
prdoential depletion of one of the two components during extended printing, thus 
adversely effecting print quality. Separate components can also result in a broad 

20 molecular weight distribution for stabilizing the gel, which may have an advme 

affect on the toner charge characteristics. In addition, the separate materials may lead 
to high free phase conductivity. 

Recent attempts have also been made to overcome the poor sedimentation 
stability of pigmented liquid toners by replacing the pigment vnth a dye of 

25 significantly lower density. U.S. 4,816,370 describes liquid developers using a 
thermally rwersible, flocculated, dyed organosol. U.S. 4,476,210 and 4,762,764 
similarly describe liquid developers using self-stable dyed organosols. The colorants 
used m each of these references are dyes rather than pigments. It is well established 
in the art that dyes are less stable to light and have a tendency to migrate (bleed) or 

30 sublime. Even though dyes have inherent advantages, such as transparency of the 
colors and less intnforence with the charactmstics of the thermoplastic binders, their 
poor light stability often times overrides these advantages. Moreover, because of the 
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typically low mass of dye molecules relative to pigments, the chaige/mass of dyed 
tonmisgenendly higher by an ordo* of magmtude than pigmented toners. Thiscan 
lead to problems in printing dye-based inks to adequate optical density using liquid 
electrographic development processes. 

5 More recent attempts to address the poor sedimentation and redispersion 

behavior of pigmented organosol inks are described in U.S. 5,698,616 and U.S. 
5,652,282. These patents describe liquid inks that make use of a gel organosol to 
improve the sedimentation and redisp^on propmies of pigmented inks. The gel 
organosols disclosed in these patents are graft copolymers dispersed in an aliphatic 

10 hydrocarbon carrier solvent. The gel organosols, comprising graft copolymers in 
which a high molecular weight polymeric stmc stabilizer (graft stabilizer) is 
covalently bonded to an insoluble, high molecular weight thermoplastic polymeric 
core, have the ability to form a three dimensional network of controlled rigidity. The 
gels are formed by numipulating the solubility parameter difference between the graft 

15 stabilizer and the carrier solvent to a range of 2.S-3.0 MPa^. The gel structures were 
found to improve liquid ink p^ormance, particularly pigmented liquid 
electrogrBphic/electrophotogrq>hic ink performance, by increasing the sedimentation 
stability and redispersability of the colorants without compromising print quality, 
charge stability, or ink transfer performance. 

20 Another issue relating to images printed using liquid inks is image durability. 

Durability refers to the resistance of the printed images to damage by blocking when 
printed sheets are stacked, erasure resistance, scratch resistance, and abrasion 
resistance. Generally, images printed with liquid toners are less durable than images 
printed using dry toners. The lower durability of liquid ink printed images may result 

25 from a vari^ of reasons known to those skilled in the art These include the 

relatively lower thickness of printed ink films made usmg liquid toners, the relatively 
lovf& adhesive strength of some liquid toners to their print receptors, and the 
relatively lower cohesive strength of some printed liquid toners due to the 
conq>aratively lower glass transition temperature of the polymeric binders used in 

30 these liquid inks. 

Various methods have been proposed to improve the durability of printed 
images made using liquid tonm. In particular, 'U;S. 5,886,067 describes improved 
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durability liquid inks coiiq[>rising a controlled crystallinity oiganosol that is not a gel 
organosol. The controlled cfystallinity organosol comprises an insoluble core and a 
sohible graft stabilizer prepared from a side-chain or main chain crystallizing 
polymeric moiety that independently and reversibly crystallizes at or above 22*C. 
5 Such controlled oystallinity oiganosols impart improved blocking resistance, erasure 
resistance, and abrasion resistance to liquid inks containing the organosol. Suitable 
crystallizing polymeric moieties for incorporation into a graft stabilizer include >Ci4 
acrylic and methacrylic esters which do not form gel organosols based upon sohibility 
parameter difference between graft stabilizer and carri^ solvent. 

10 SUMMARY OF THE INVENTION 

In one aspect, the invention features a rapidly self-fixing ink with improved 
sedimentation and redispersion characteristics useful as a liquid toner in ionographic 
or electrographic (electrophotographic or electrostatic) imaging and printing 
processes. The ink is comprised of a polymeric binder in the form of a graft 

15 copolymer gel, formed by acid/base interactions, dispersed in an organic solvent or 
solvent blend having a Kauri-Butanol (KB) number less than 30, and optionally 
contains one or more colorants. The colorants may take the form of dyes or pigments. 
One or more charge controlling additives may optionally be added to the ink 
formulation. 

20 "Kauri-Butanor refos to an ASTM Test Method Dl 133.54T, The Kauri- 

Butanol Number (KB) is a measure of the tolerance of a standard solution of kauri 
resin in 1-butanol to an added hydrocarbon diluent and is measured as the volume in 
millilitOT (ml) at 25'*C of the solvent required to produce a c^n defined d^ee of 
turbidity when added to 20 g of a standard kauri- 1-butanol solution. Standard values 

25 are toluene (KB = lOS) and 75% by volume of heptane with 25% by volume toluene 
(KB = 40). There is an approximately linear relationship between the Hildebrand 
solubility parameter and the KB number for hydrocarbons: Hildebrand Solubility 
Parameter (MPa^ = 2.0455[6.3 + 0.03KB (ml)]. 

The graft copolymer is comprised of a soluble or marginally insoluble high 
30 molecular weight (co)polymeric steric stabilizer ("graft stabilizer") covalently bonded 
to an insoluble, high molecular weight thermoplastic (co)polymeric backbone 
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(**oiBanosol core"). The gel is formed by incoiporatiiig a low percentage of each of 
two monomer types^ acidic and basic monomers, in the graft stabilizer, in the 
organosol core, or in both the graft stabilizer and organosol core. The acidic and 
basic monomers form weak, reversible intermolecular npn-covalent bonds resulting 
5 from acid/base interactions between dispersed graft copolymer particle^ therdiy 
fonniiig a gel organosol. 

The gel organosols provide a new approach to improving the sedimentation 
and rediq>ersion prop^es of pigmented inks The method of inducing gelation does 
not require manqnilation of the relative diCTerence in solubility parameter between the 
10 graft stabilizer and the carrier solvent into a range (sohibility parameter difference 
greater than 2.S MPa^) that acts to reduce agglomeration stability of the graft 
copolymo*. This allows the ink formulatormcreased flexibility in selection of 
monomer components of the graft stabilizer, as well as greater flenbility in carrier 
fluid selectioa 

15 For example, side-chain crystallizable monomo^ that have a high degree of 

solubility in the carrier solvent may be incorporated into the graft stabilizer without 
sacrificing gelation characteristics. The use of crystallizable polymeric moieties to 
improve the durability of non-gel organosol inks has been disclosed in U.S. 
5,886,067. Heretofore, the use of such crystallizable polymmc moieties at high 

20 weight percentages in a graft stabilizer has prevented the formation of gel organosols 
owing to the relative solubility parameter difference between the graft stabilizer and 
the carrier solvent &lling in the range of good solubility (0-2.S MPa^. It would be 
advantageous to combine the duractmstics of a gel organosol and a controlled- 
crystallinity organosol into a single graft copolymer conq)Osition. 

25 The acid-base gel organosols are particularly useful fi>r their ability to form a 

three dimensional gel of controlled rigidity that can be revmibly reduced to a fluid 
state by shearing or heating the organosol or an ink conqposition containing the 
organosol. The gels impart useful properties to the liquid ink, notably improved 
sedimentation stability of the colorant, without con4>romising print quality or ink 

30 transfer performance. The inks formulated with the gels also exhibit improved 

redispersion charactmstics upon settling, and do not fi>rm dilatant sediments such as 
those formed by non-gelled organosol inks. These characteristics of gel inks facilitate 

8 
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preparation and use of high solids ink concentrates (greater than 2% by weight solids, 
more prefierably greater than 10% by weight solids), thus providing an increased 
number of printed pages or images from a given vohime of ink. 

The liquid inks will be described below with respect to electrophotographic 
5 printing; however, it is to be und^ood that these liquid inks are not limited in their 
utility and may also be employed in other electrographic printing processes, high 
speed printing presses, photocopying q>paratus^ microfilm reproduction devices, 
facsimile printing, Inkjet printer, instrument recording devices, and the like. 

DETAILED DESCRIFnON 

10 A liquid ink composition is provided comprising a colorant and an gel 

organosol dispersed in a liquid or liquid blend having a Kauri-Butanol (KB) number 
less than 30. The liquid ink composition is resistant to sedimentation and is capable 
of rapidly self-fixing, which is particularly usefiil in electrophotographic, ionographic, 
or electrostatic imaging and conventional printing processes. 

15 The gel is an amphipathic copolymeric gel con^rised of a soluble or 

marginally insoluble high molecular weight (co)polymeric steric stabilizer which is 
non-covalently crosslinked by acid-base interactions and covalentiy bonded to an 
insohjble, thermoplastic (co)polymeric core. The covalentiy bonded graft st^c 
stabilizer is non-covalentiy crosslinked by acid-base interactions to such an extent that 

20 it behaves as an extremely high molecular weight copolymer near its incipient phase 
separation point in the dispersant liquid. The non-covalently crosslinked graft 
stabilizer remains in a freely flowing, easily handled solution until the graft stabilizer 
is covalentiy bonded to the insoluble core, at which point a gel organosol is formed. 

Gel oiganosols are dispersions in which the attractive interactions between the 
25 elements of the diq)ersed phase are so strong that the i^ole system develops a rigid 
networic structure and, under small stresses, behaves elastically. The characteristic of 
organosol gelation is visibly q)parent to one skilled in the art The non-covalentiy 
crosslinked acid-base gel organosols rapidly gel to form a voluminous polymer 
sediment and a substantially clear supernatant layer of carrier liquid upon standmg. 

30 Gelation of the graft copolymer organosol is induced by forming non-covalent 

bonds betweol a plurality of graft stab^is$r {Eduuns using weak, reversible acid-base 

9 
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intmctions between an acidic polymerizable compound and a basic polymerizable 
confound. The acidic or basic polymerizable compounds may both be polymerized 
into the oiBanosol shell, or one of the polymerizable con^unds may be polymerized 
into the shell, and the other in the core. It is also possible to ptepart two separate and 
5 distinct graft copolymer compositions, one contaimng an acidic or basic 

polymerizable conq>ound in the core or shell, the other containing the basic or acidic 
polymerizable compound in the shell In this embodiment, gdation would not occur 
until the two organosols were blended together. 

The strength of the gel (and hence sedimentation resistance of the ink) can be 

10 readily manipulated by controlling the extent to which the graft stabilizer is non- 
covalently crosslinked. Greater gel strength (greater sedimentation resistance) is 
obtained by increasing the crosslink density (percoitage of acidic or basic 
polymerizable compound) in the graft copolymer. 

Superior stability of the dispersed toner particles with respect to aggregation is 

15 obtained when at least one of the polymers or copolymers (denoted as the stabilizer) is 
an amphipathic substance containing at least one oligomeric or polymeric component 
of molecular weight at least 500 that is solvated by the carrier liquid. In other words, 
the selected stabilizer, if present as an independent molecule, would have some finite 
solubility in the carrier liquid. 

20 The solubility of a material in a given solvent may be predicted from the 

absohite difference in Hildebrand solubility parameter of the solute relative to the 
solvent The solutes will exist as true solutions or in a highly solvated state i^en the 
absohite difference in Hildebrand solubility parameter is less than approximately l.S 
MPa^. When the absolute difference in Hildebrand solubility parameter exceeds 

25 approximately 3.0 MPa^, the sohite will phase separate from the dispmant, forming 
a solid, insoluble, non-flowing, non-gdled mass. Those sohitcs having an absolute 
difference in Hildebrand solubility parameters between l.S MPa^^ and 3.0 MPa'^ are 
considered to be weakly solvated or marginally insoluble. 

The sohibility parameters of the graft stabilizers, as well as the carri^ liquids 
30 in which the stabilizers are dispersed, are calculated using values for the Ifildebrand 
solubility parameter of the monomers used to prepare the graft stabilizer and the 
carrier liquids obtained using the group contribution method developed by Small, P. 
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A., J, Ajfpl Chem., 3, 71 (19S3) using Smairs group contribution values listed in 
Table 2.2 on page WWSIS in the Polvmer Handbook, 3rd Ed., J. Brandrup & E. R 
Immcrgut, Eds. John Wiley, NY, pp 519-557 (1989). The Hildebrand solubility 
parameter for a copolymer may be calculated using a volume fraction weighting of 
the individual Hildebrand solubility parameters for each monomer comprising the 
copolymer. Similarly, the Hildebrand solubility parameter for a mixture may be 
calculated using a vohime firaction weighting of the individual Hildebrand solubility 
parameters for each component of the mixture. Thus, the Hildebrand solubility 
parameter for a mixture of solvents or polymerizable compounds may be calculated 
using a volume fraction weighting of the mdividual Hildebrand solubility parameters 
for each chemical compound comprising the solvent mixture. 

Table 1 lists the Hildebrand sohibility parameters for some comnion carrier 
liquids used in an electrophotographic toner and the Ifildebrand solubility parameters 
and glass transition temperatures for some common monomers used in synthesizing 
organosols. 



Table I Hadebrand Solability Parameters 
Solvent Values at 2S'>C 



Solvent 
CoBuncrcul Trade 
Designation 


Kauii-Bntanol Number 
by ASTM Method 
D1133-S4T(nil) 


Hadebrand SolubiUty 
Parameter (MPa^) 


NORPAR 15 


18 


13.99 


NORPAR 13 


22 


14.24 


NORPAR 12 


23 


14.30 


ISOPARV 


25 


14.42 


EXXSOLD80 


28 


14.60 



Source: Calculated fix>m equation <Q lof Polvmer Handboolc 3rd Ed., J. 
Brandrup E.H Inunergut, Eds. John Wiley, NY, p. VII/S22 (1989). 
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Monomer Name 


miueDraiia ooiuDUity 
Parameter (MPa^) 


^jrius iruisiuoD 
Temperature C^C)* 


n-Octadecyl 
Mecnacfyisie 


16.77 


-100 


iMjcuuiecyi /vcryiaie 




-55 


j.#aiiryi Mjciiiacfyiaie 




-65 


i^auryi Accyiaie 




-30 


Methacrylflte 


16 97 


•10 


2-Ethylhexyl Ablate 


17.03 


-55 


n-Hexyl Methacrylate 


17.13 


-5 


t-Butyl Methacrylate 


17.16 


107 


n-Butyl Methacrylate 


17.22 


20 


n-Hexyl Aoylate 


17.30 


-60 


n-Butyl Aoylate 


17.45 


-55 


Ethyl MethaCTylate 


17.90 


66 


Ethyl Acrylate 


18.04 


-24 


Methyl Methacrylate 


18.17 


105 


Vinyl Acetate 


19.40 


30 


Methyl Acrylate 


20.2 


5 



Calculated using Small's Group Contribution Method, Small, P. A Journal of 
A pplied Chemistry 1 p. 71 (1953). Using Group Contributions from Polymer 
Handbook, 3rd Ed., J. Brandnip EJH. Immergut, Eds., John Wiley, NY, p. WW 525 
(1989). 

♦ Polymer Handbook, 3rd Ed., J. Brandnip Eli Inamergut, Eds., John Wiley, 
NY,pp.VIl/209-277 (1989). 

The carrier liquid may be selected from a wide variety of materials that are 
known m the art, but preferably has a Kauri-Butanol number less than 30. The 
liquid is typically oleophilic, chemically stable imder a variety of conditions, and 
electrically insulating. Electrically insulating refers to a liquid having a low dielectric 
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constaiit and a high electrical resistivity. Preferably, the liquid has a dielectric 
constant of less than 5, more preferably less than 3. Electrical resistivities of carrier 
liquids are typically greater than Ohm-cm, more prefmbly greater than 10^^ 
Ohm-cm. The carrier liquid must also be relatively nonviscous to allow movement of 
5 the charged particles during development, and sufficiently volatile to permit its 
removal from the final imaged substrate, but sufficiently non-volatile to minimize 
ev^rative losses in the developer. In addition, the canier liquid should be 
chemically inert with respect to the materials or equipment used in the liquid 
electrophotographic process, particularly the photoreceptor and its release surface. 

1 0 Examples of suitable carrier liquids include aliphatic hydrocaibons (n-pentane, 

h»ane, hq>tane and the likeX cycloaliphatic hydrocaibons (cyclopentane, 
cydohexane, and the lite), aromatic hydrocaibons (benzene, toluene, xylene, and the 
like), halogenated hydrocarbon solvents (chlorinated alkanes^ fluorinated aDcanes, 
chlorofluorocaibons, and the like), silicone oils, and blends of these solvents. 

1 5 Prefored carrier liquids include branched paraffinic solvent blends such as those 
available under the trade designations ISOPAR G, ISOPAR H, ISOPAR K, ISOPAR 
L, ISOPAR M and ISOPAR V (all avulable from Exxon Corporation, NJ), and most 
preferred carriers are the aliphatic hydrocarbon solvent blends such as those available 
under the trade designations NORPAR 12, NORPAR 13 and NORPAR 1 S (all 

20 available from Exxon Corporation, NJ). 

The organosol is a graft copolymer prepared by chemically bonding a 
genially soluble (co)polymer to a generally insohible (co)polymer resin core. Any 
number of reactions known to those skilled in the art may be used to effect grafting of 
the soluble polymeric stabilizer to the organosol core during free radical 

25 polymerization. Common grafting methods include random grafting of 

polyfiinctional free radicals; ring-opening polymerizations of cyclic ethers, esters, 
amides or acetals; epoxidations; reactions of hydroxyl or amino chain transfer agoits 
with terminally-unsaturated end groups; esterification reactions (e.g., glycidyl 
methacrylate undergoes teitiary-amine catalyzed esterification with methaciylic acid); 

30 and condensation polymerization. 

The composition of the graft stabilizer is normally selected such that the 
Ifildebrand Solubility Parameter of the graft stabilizor (shell) closely matches that of 
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the carrier liquid in order to ensure that the stabilize will be sufficiently solvated to 
dissolve in the carrier solvent. \^rtually any polymmzable compound that exhibits a 
Ifildebrand Solubility Parameter difference less than 3.0 MPa^ relative to the carrier 
liquid may be used in forming a graft stabilizer. In addition, polymerizable 
compounds that exhibit a Ifildebrand Solubility Parameter difference greater than 3.0 
MPa^ relative to the carrier liquid may be used in forming a copolymeric graft 
stabilizer, provided that the effective Ifildebrand Solubility Parameter difference for 
the stabilize is less than 3.0 MPa^ relative to the carrier liquid. The absohite 
difference in ifildebrand Sohibility Paramet^ betwem the graft stabilizer (shell) and 
the carrier liquid is preferably less than 2.6 MPa^. 

Preferred polymerizable compounds useful in forming the graft stabilizer are 
the C^-Cao acrylic and methacrylic esters. Examples of suitable polymerizable 
compounds for use in the graft stabilizer conq)Osition include monomers such as 
hexyl aoylate, 2-etiiyIhexyl acrylate, decyl acrylate, dodecyl (lauryl) aoylate, 
octadecyl (stearyl) acrylate, behenyl acrylate, hexyl methacrylate, 2- 
ethylhexyl(metbacrylate), decyl acrylate, dodecyl (lauryl) methacrylate, octadecyl 
(stearyl) methacrylate, and other alkyl acrylates and m^crylates. 

Prefenrably, the polymerizable compounds are also ciystallizable compounds 
having crystdlization (melting) tempmtures above room temperature (25"C). Such 
crystallizable, polymerizable compounds are particularly usefiil in forming graft 
stabilizers that yield organosols and inks exhibiting improved image durability, 
including blocking and erasure resistance. Crystallizable, pclymmzable compounds 
suitable for incorporation into a graft stabilizer include >Ci4 acrylic and methacrylic 
esters. Preferred crystallizable, polymerizable compounds include octadecyl acrylate 
and behenyl acrylate. 

Oth^ monomers, macromers, or polymers may be used either alone or in 
coiyunction with the aforementioned materials, including melamine and mdamine 
fi)rmaldehyde resins, phenol formaldehyde resins, epoxy resins^ polyester resins, 
styrene and styrene/acrylic copolymers^ acrylic and methacrylic estm^ cellulose 
acetate and cellulose acetate-butyrate copolymers, and poly(vinyl butyral) 
copolymm. 
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Prefisrred molecular weight ranges for the graft stabilize are 5,000-1,000,000 
Daltons (Da), more preferably 50,000-500,000 Da, most preferably = 150,000- 
250,000 Da. The polydispersity of the graft stabilizer also has an affect on imaging 
and transfer performance of the liquid toners. Generally, it is desirable to maintain the 
5 polydispersity (the ratio of the weight-average molecular weight to the number 
average molecular weight) of the graft stabilizer below 15, more preferably below 5, 
most preferably below 2.5. 

Gelation is induced as a result of to weak attractive forces arising from the 
electron donor-acceptor interaction between a Lewis acid and a Lewis base, as 

10 described in Allan F. M. Barton, Handbook of Solubility and Other Cohesion 
Parameters (CRC Press: Boca Raton, FL, 1991 pp. 71-72). In one embodiment, 
gelation is induced by incorporating both a Lewis acid-fimctional and a Lewis base- 
functional polymerizable compound in the graft copolymer organosol. The Lewis 
acid and base*functional polymerizable conq}ounds may be incorporated in the 

15 organosol core, in the organosol shell (graft stabilize), or in both the organosol core 
and shell. Preferably, the Lewis add or base-functional polymerizable compound is 
incorporated into the organosol core, and the corresponding Lewis acid or base- 
functional polymerizable compound needed to form the Lewis acid/base pair is 
incorpmtted into the organosol shell (graft stabilize). 

20 In another embodiment, two distinct organosols are prepared, one with an 

acid-fimctional polymmzable compound in the core and/or shell, and a separate graft 
copolymer organosol with basic-functional polymerizable compound in the core 
and/or shell. This approach has the advantage that gelation will not occur until the 
two organosols are blended together, or until inks comprising the two distinct 

25 organosols are blended together. This permits easy handling of two sdf-stable 
organosols until the organosols are combined with a colorant to make a gd ink. 

Suitable Lewis add polymerizable compounds include acrylic acid, 2- 
acrylamido-2-niethyl propane sulfonic acid, crotonic add, itaconic add, maldc acid, 
methacrylic acid, pentaerythritol dimethaoylate, and 4-vinyl benzoic add. 

30 Suitable Lewis base polymerizable compounds indude allyl alcohol, allyl 

amine, allyl diethylamine, allyl ethylamine, allyl dimethylamine, allyl hydroxyethyl 
ether, N-allyl piperidine, p-amino styrene, diallyl amine, bis-diallylamino methane, t- 
butylamino methacrylate, diethylaminoethyl methacrylate, diallyl methylamine, N,N- 

15 
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diallylmelamine. 2-dimethylamifioethyl methaoylate, dimethylaminopropyl 
aoylamide^ 2-dimetfaylainino methyl styrene; 3-dimethylainiiio neopentyl aoylate, 
2,3-dihydro)9 propyl ac^lale, 2-diisopropylaminoethyl methaoylate, 4-hydroxybutyl 
achate, 4-hydroxybutyl methaoylate, 2-hydroxyethyl acrylate, 2-hydrQxyethyl 
methacrylate, 2-hydroxypropyI acrylate, 2-hydroxypropyl methacrylate, 4-hydroxy 
styrene, vinyl benzene alcohol, vinyl benzene dimethylamine, 2-vinyl pyridine, 4- 
vinyl pyridine, and N-vinyl-2-pyrrolidone. 

The extent of gelation of the add-base gel organosol may be controlled by 
manipulating the concratration of acidic or basic polymerizable compound 
incorporated into the graft copolymer. Generally, a higher concentration of acidic or 
basic polymerizable compound leads to a higher apparent crosslink density and 
therefore a stronger gd. However, too high a concentration of acidic or basic 
polymerizable monomer will cause the graft copolymer to solidify into a veiy high 
molecular weight, solid-like polymer that is not suitable for incorporation into a 
crosslinked gel organosol Preferably, 0. 1-5.0% w/w, more preferably 0.5-4.0% w/w, 
most preferably 1.0-3.0% w/w of each polymoizable compound (acid or base) is 
used. However, the preferred concentration range of addic or basic polymerizable 
compound will vary somewhat depemiing on the specific acidic or basic 
polymerizable compound. Preferably, the relative amount of Lewis acid 
polymerizable conqx>und is stoichiometrically matched by the amount of Lewis base 
polymmzable compound. 

As discussed above, the organosol is a graft copolymer dispersion formed by 

covalently bonding the graft stabilizer to an msohible resin core. The grafting 

reaction generally occurs between a grafting site incorporated into the graft stabilizer 

and a reaction site in the polymerizing or polymerized core. Preferably, the grafting 

reaction proceeds by reaction of an isocyanate to a hydroxyl group to form a urethane 

linkage between the stabilizer and the core. The grafting site is preferably formed by 

incorporating hydroxyl groups into the graft stabilizer during a first fi-ee radical 

polymerization and catalytically reacting all or a portion of these hydroxyl groups 

with an ethylenically imsaturated aliphatic isocyanate (e.g. meta- 

isopropenyldimethylbenzyl isocyanate [TMI] or isocyanato^ylmethacrylate [JEM]) 

to form a polyurethane linkage during a subsequent non-free radical reaction step. 

The graft stabilizer is then covalently bonded to the nascent insoluble acrylic 

16 
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(co)polymer core via reaction of the unsaturated vinyl group of the grafting site with 
ethylenically-unsaturated core monomers (e.g. vinyl esters, particularly acrylic and 
m^hacrylic esters with caibon numbers < 6 or vii^l acetate; vinyl aromatics, such as 
styrene; acrylonitrile; n-vinyl pyrrolidone; vinyl chloride and vinylidene chloride) 
during a subsequent free radical polymerization stq). 

Other methods of effecting grafting of the preformed polymeric stabilize to 
the incipient insoluble core particle are known to those skilled in the art For 
example, alternative grafting protocols are described in sections 3.7-3.8 of Barrett 
Dispersion Polvmerization in Organic Media, K E J Batre^ erf (Tnhn Wil^> New 
York, 197SX pp. 79-106. A particularly usefiil method for grafting the polymeric 
stabilize* to the core utilizes an anchoring group. The fiinction of the anchoring 
groups is to provide a covalent link between the core part of the particle and the 
soluble component of the steric stabilizer. Suitable monomers containing anchoring 
groups include: adducts of alkenylazlactonecomonomers with an unsaturated 
nucleophile containing hydroxy, amino, or mercaptan groups^ such as 2- 
hydroxyethylmethac^late, 3-hydroxypropylmethacrylate, 2-hydroxyethylacrylate, 
pentaerythritol triacrylate, 44iydroxybutyvinylethtf, 9-octadecen-l-ol, cinnamyl 
alcohol, allyl mo^captan, methallylamine; and azlactones, sudi as 2-alkenyl-4,4- 
dialkylazlactone of the structure 




where or alkyl having 1 to 5 carbons, preferably one carbon, R^andR^ 

are indq)endently lower all^l groups having 1 to 8 carbons, prefmri)ly 1 to 4 catb^ 

Most preferably, however, the grafting mechanism is accomplished by 

grafting an ethylenically-unsaturated isocyanate (e.g., dimethyl-m-isopropaiyl 

benzylisocyanate, available from American Cyanamid) to hydroxyl groups previously 

incorporated into the graft stabilizer precursor (e.g., hydroxy ethyl methacrylate). 

17 
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The insoluble organosol core is the dispersed phase of the graft copolymer 
dispersion. The core polymer is genmlly made in situ by copolymerization with the 
stabilizer monomer. The solubility parameter of the core is generally chosen such thai 
it differs substantially from that of the (fispersion medium in order to ensure that the 
core monomars will phase sqNuate duriqg diq)ersion polymerization (forming the 
core). Virtually any monomer or combination of monomers may be used in forming 
the organosol core, provided that the core as a whole is insoluble in the carrier liquid. 
Preferably, the Hildebrand solubility parameter difference between the core as a 
vfhole and the carrier liquid exceeds 3.0 MPa^'^. Examples of polymerizable 
con^unds suitable for use in the organosol core include C1-C5 acrylate and 
methacrylate esters such as, methyl acrylate, ethyl acrylate, butyl acrylate, methyl 
methacrylate, ethyl mcthaoylate), butyl methawylate, slyrene, and vinyl acetate. 

Monomers that individually are v^ soluble in the dispersant medium may 
also be incorporated into the core in small amounts with monomm which, v^en 
polymerized, are not very soluble in the carrier liquid. The effect of incorporating a 
monomer having good sohibility in the carrier liquid into the organosol core will 
generally be to cause carrier liquid absorption or swelling of the core. This can be 
particulariy usefiil when higher core Tg's are desired, for example, to improve image 
durability, but when mpid self-fixing of the ink is still required in the imaging 
process. By increasing the afiBnity of the core for the carrier liquid, the carrier liquid 
vrill be imbibed into the core and nuy act to plasticize the core, permitting rapid self- 
fixing of an ink comprising a high core Tg organosol even at tmperatures below the 
normal minimum film-forming tempmture. 

Prrferably, the Hildebrand solubility parameter difference between the core as 
a whole and the carrier liquid exceeds 3.0 MPa*^. The amount of soluble monomer 
incorporated into the core typically ranges between 1-30% w/w, more preferably 5- 
20% w/w. Exaiiq)les of soluble polymerizable compounds suitable for use in the 
organosol core include C6*C3o acrylate and methacrylate esters such as cyclohexyl 
acrylate, hexyl acrylate, 2-ethylhexyl acrylate, decyl acrylate, dodecyl (lauryl) 
acrylate, octadecyl (stearyl) acrylate, behenyl acrylate, cyclohexyl methacrylate, hexyl 
methacrylate, 2-cthylhexyl(methacrylate), decyl acrylate, dodecyl (lauryl) 
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methacrylate, octadecyl (stearyl) methacrylate» and other aaylates and methacrylates 
i^ch meet the solubility parameto' requirements described above. 

In selecting polymerizable compounds for use in the organosol core, it is 
necessary to consider not only their effect on solubility parameter difference between 
the core and the carrier liquid, but also their effect on the effective glass transition 
temperature of the core and the resulting impact on imaging performance. Preferably, 
the Tg of the core is <30*'C to allow an ink composition containing the resin as a 
major component to undergo rapid film fonnation (rapid self-fixing) in printing or 
imaging processes carried out at temperatures greater than the core Tg^ preferably at 
or above 23**C. Rapid self-fixing assists in avoidmg printing defects (such as 
smearing or trailing-edge tailing) and incomplete transfer in high speed printing. The 
use of low Tg thermoplastic polymeric binders to promote film formation is described 
in Z.W. Wicks, Film Formation, Federation of Societies for Coatings Technologies^ p 
8(1986). 

The Tg can be calculated for a (co)po]ymer using known values for the high 
molecular weight homopolymm (Table I) and the Fox equation expressed below: 

i/Tg=wi/rgi+w2/r^+w3/r^+ 

where Wi is the weight fraction of monomer ''i*' and Tgi is the glass transition 
temperature of the high molecular weight homopolymer of monomer "i" as described 
in Wicks, A.W., F.N. Jones & S.P. Pappas, Onanic CoatingSu 1, John Wiley, NY, pp 
54-55 (1992). 

Another reason for using polymer particles in which the core has a TgOO^'C is 
that these particles can coalesce into a reanous film at room temperature. The 
oveq)rinting capability of a toner is related to the ability of the polymer particles to 
deform and coalesce mto a reanous film during the air drying cycle of the 
electrophoretically deposited toner particles. The coalescent particles permit the 
electrostatic latent image to discharge during the imaging cycle so another image can be 
ovaprinted. On the otha- hand, non-coalescent particles retain their shape even after 
bdng air dried on the photoreceptor. The points of contact are then few compared to a 
homogeneous or continuous film-forming latex, and as a result, some of the charges are 
retained on the unfiised particles, repelling the next toner. 
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A toner layer made of polymer paiticles having a cm with a T^30^C may be 
made to coalesce into a film at room temperature if Ae stabilizer/core ratio is high 
enou^ Thus the choice ofstabilizer/(core + stabilizer) ratios in the raiige 2^ 
wt % can ^ve coalescence at room temperature vfith core Tg vahies in a conesponding 
5 range 25^C to lOSX. With a core TgOO"^ the prefored range of stabilizei/(core + 
stabilizer) ratio is 10 to 40 wt%. 

The int^rity of the toned image during partial removal of the solvent also 
depends upon the core Tg, with lower Tg promoting film strength and image integrity 
at the cost ofadditional image tack. An organosol core Tg bdow room temperature is 
10 preferred to ensure that the toner will in fact film form. Prefmbly, the minimum film 
forming temperatures are betwea about S-4S*C and the organosol core Tg is below 
room tenq>erature to allow the toner to form a film and maintain good image integrity 
during solvent removal and good cohesive strength during inuige transfer from the 
photoconductor onto dther a transfer medium or receptor 

15 To yield the best offset transfer efficiency without causing excessive residual 

tack and blocking of the transferred image, an organosol core having a Tg between - 
10 and 20"^: is preferred, more preferably between -5 and ISX. Under constant 
transfer roll pressure conditions, lower core Tg organosols exhibit 100% transfer at 
lower tffliperatures than high Tg organosols. The results of toner transf^ testiiig are 

20 dependent upon the extent of self-fixing or dryness of the toner film. In addition, 
toned images will require some finite drying time in order to allow film formation to 
occur. This drying can be accelerated by using heated air, vacuum drying, an 
electrostatically-biased or unbiased squeegee (to hydraulically remove excess 
dispersant) or other similar methods known in the art, e.g., the system described in 

25 U.S. Patent No. 5,300,990. The rate of film formation (self-fixing) may also be 
accelerated by adding a plasticizer to the toned image to effectively lower the 
minimum film forming temperature. 

Residual image tack after transfer may be adversely affected by the presence 
of high tack monomm, such as etl^l aoylate, in the organosol. In addition, the 
30 cohesive strength and durability of the ink film generally decreases as the organosol 
core Tg deo^eases. Ideally, organosol core Tg would be selected to be as high as 
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possible in order to reduce residual tack and maximize image durability. However, 
this is often not practical, particularly for liquid inks used in imaging processes in 
^ch the inks are required to form a film at room tenq)erature. Consequently, 
organosols are gently formulated such that the organosol core preferably has a 
glass transition temperature (Tg) less than high room temperature (30X) but greater 

than-lO^C. 

The organosol core comprises approximately 30-95% of the organosol on a 
weight basis. Thus, the core's Tg will typically dominate over the stabilizer's Tg and 

the organosol Tg may be taken as a first approximation to be the core Tg. As 
illustrated supra, a simple algebraic method based upon a composition-weighted sum 
of inverse Tg s (using absolute temperatures) can be used to calculate the effective Tg 
of a copolymo* blend used to make up an organosol core. Similar arguments allow an 
assumption that the solubility parameter of the stabilizer will generally control the 
stability of the organosol. Therefore, the stabilizer solubility parameter is preferably 
selected to closely match that of the dispersant for maximum aggregation stability. 

Using the data in Table 1 and q»plying the above critoia, it is noted that 
polymerizable compounds such as methyl aarylate, ethyl aorylate, and vinyl acetate 
are most suitable for incotporation into an organosol core comprising a single 
polymerizable compound exclusive of the grafting compound (Tg between -30 and 
30X and solubility parameter difference relative to the solvents NORPAR 12 greater 
than 3.0 MPa'^. Preferably, the core comprises a copolymer of at least one high 
glass transition temperature polymerizable compound, such as methyl methacry late, 
ethyl methaciylate or butyl methacrylate, and at least one low glass transition 
polymerizable conq>ound such as ethyl acrylate or butyl acrylate. This allows 
variation of the core Tg over a wide range between Tg's of the respective 
polymerizable compounds by simple variation of the rdative weight ratios of the high 
and low Tg polymerizable compounds, as calculated using the Fox Equation. 

The preferred polymerizable compounds for use in making a copolymer core 
in NORPAR 12 carrier liquid are methyl methaciylate and ethyl acrylate since these 
monomers individually or in any weight ratio exceed the 3.0 MPa^^ Hildebiand 
solubility parameter difference relative to NORPAR 12 and will therefore readily 
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form an insoluble core in this carrier liquid upon polymerization. In addition, ethyl 
aoylate and methyl methaciylate permit the variation of the core Tg anywhere within 
the range -24X to 105*^ merely by varying the relative weight ratios of the two 
monomers in the core. 

5 A preferred organosol core composition contains about 75 weight percent 

ethyl acrylate and 2S weight percent methyl methacrylate, yielding a calculated core 
Tg of -IT. This permits the toners to rapidly self-fix under normal room temperature 
or higher development conditions and also produce tadc-free &sed images that resist 
blocking at room temperature. 

10 Oth^ polymers which may be used either alone or in conjunction with the 

aforementioned materials include melamine and melamine formaldehyde resins, 
phenol formaldehyde resins, epoxy resins, polyester resins, styrene and styrene/acrylic 
copolymers^ aoylic and methacrylic esters, cellulose acetate and cellulose acetate- 
butyrate copolymers, and poly(vinyl butyral) copolymers. 

15 If the core/shell ratio is too high, there may be insufficient graft stabilizer 

present to sterically stabilize the organosol with reject to aggregation. If the 
core/shell ratio is too low, the polymerization may have insufficient driving force to 
form a distinct particulate phase, resulting in a copolymer solution, not a self-stable 
organosol diqiersioa The optimal weight ratio of the resin core to the stabilizer shell 

20 is on tiie order of 1/1 to lS/1, preferably between 2/1 and 10/1, and most preferably 
between 4/1 and 8/1. 

The particle size of tiie organosol also influences the imaging, drying, and 
transfer characteristics of the liquid inks. Preferably, the primary particle size 
(determined widi dynamic light scattering) of tiie organosol is between about O.OS and 
25 S.O microns, more preferably between 0. IS and 1 micron, most preferably between 
0.20 and O.SO microns. 

A liquid ink utilizing the aforementioned gel organosol comprises colorant 
particles embedded in the thermoplastic organosol resin. Useful colorants are well 
known in the art and inchide materials such as dyes, stains, and pigments. Preferred 
30 colorants are pgments that may be incorporated into the polymer resin, are nominally 
insoluble in and nonreactive with the carrier liquid, and are usefiil and efifective in 
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making visible the latent dectrostatic image. Examples of suitable colonutts include: 
phthalocyanine blue (CI Pigment Bhie 15:1, 15:2, 15:3, 15:4 and 16), monoarylide 
yellow (C.L Pigment Yellow 1, 3, 65, 73 and 74), diarylide yellow (C.L Pigment 
Yellow 12, 13, 14, 17 and 83), arylamidc (Hansa) yeUow (C.L Pigment Yellow 10, 
97, 105 and 1 1 1), Pigment Yellow 138, azo red (C.L Pigment Red 3, 17, 22, 23, 38, 
48:1, 48:2, 52:1, 81, 81:1, 81:2, 81:3 and 179), quinacridone magenta (CJ. Pigment 
Red 122, 202 and 209) and black pigments such as finely divided carbon (Cabot 
Monarch 120, Cabot Regal 300R, Cabot Regal 350R, Vulcan X72) and the like. 

For some applications, it is desirable to use the organosol without an added 
colorant (dye or pigment) to provide a clear protective overcoat for an underlying 
image on a peimanent receptor. In such cases, the transparent ink may be applied, for 
example, using well-known coatiiig or electrogiaphic development processes^ onto 
eitho- a tenq>oraiy imaging recqptor or pennanent imaging receptor. In the event that 
the tranq>arent organosol is applied to a pmnanent image receptor, the organosol 
should be coated onto the sur&ce of the receptor and any underlying image in ord^ to 
perform as a protective overcoat In the event that the oiganosol is applied to a 
temporary inu^e recq>tor, consid<eration must be ^ven to the reversal of laym that 
occurs during offset transfer processes. Thus^ it may be necessary to coat or develop 
the transparent oiganosol as the first layer on a photoreceptive element upon which a 
multi-colored image is constructed in order to insure that the transparent organosol 
acts as a protective topcoat upon offiet transfer of the image to a pmnanent image 
receptor. 

The optimal weight ratio of resin (organosol) to colorant in the toner particles 
is on the order of 1/1 to 20/1, preferably between 3/1 and 10/1, and most preferably 
between 5/1 and 8/1. The total dispersed mat^ial in the carrier liquid typically 
represents 0.5 to 70 weight percent, preferably between 1 and 25 weight percent, most 
preferably between 2 and 17 weight percent of the total liquid developer composition. 

The gel organosols have been used to fabricate liquid electrophotographic 
toners that exhibit excellent imaging characteristics in liquid immersion development. 
For example, the gel organosol liquid toners exhibit low bulk conductivity, low fi-ee 
phase conductivity, and low charge/mass and high mobility, all of which are desirable 
characteristics for producing high resolution, background-free images with high 
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Optical density. In particular, the low bulk conductivity, low fiee phase conductivity, 
and low cbaige/mass of the toners allow them to achieve high developed optical 
density over a wide range of solids concentrations, thus improving their extended 
printing performance relative to conventional toners. In ad<&tion, color liquid toners 
5 made based upon these gd oiganosols on development fonn transparent films that 
transmit incident light, consequently allowing the photoconductor hyer to discharge. 

The toners have low Tg values with respect to most available toner materials. 
This enables the toners to form films at room tempmlure. & is not necessary for any 
q)ecific drying procedures or heating elemmts to be present in the apparatus. Normal 
10 room temperature (19-20X) is sufficient to enable film forming, as is the ambient 
intenud temperature of the apparatus during operation which tends to be at a higher 
tenq>erature (e.g., 25-40''C) even witiiout specific heating. It is possible to have tiie 
q^aratus operate at an internal temperature of 40% or less at the toning station and 
immediately thereafter where a fiising operation would ordinarily be located. 

15 The gel organosol liquid toners also exhibit improved transfer characteristics 

rehoive to conventional inks used in the art, particularly with offset transfer processes. 
The n^id-fixing characteristics of the toners permit thdr use hi liquid 
development/dry adhesive offset transfer imaging processes, such as the processes 
described in U.S. 5,650,253 and 5,916,718. Dry adhesive transf^ eliminates the need 

20 for coronas or other charging devices to electrostatically assist transfer of a wet image 
from the imaging surface to the preferred substrate. In addition, dry adhesive transfer 
of the \oner fiirthcr reduces carry-out of excessive solvent v^rs with the image, as 
would occur with conventional electrostatically-assisted transfer processes. 

An electrophotognq>hic liquid toner may be formulated by incorporating a 
25 charge control agent into the liquid ink. The charge control agent, also known as a 
charge director, provides uniform chaige polarity of the toner particles. The charge 
director may be incorporated into tiie toner particles using a variety of mediods such 
as diemically reactii^ the charge director with the toner particle, chemically or 
physically adsorbmg the charge director onto the toner particle (resin or pigment), or 
30 chelating the charge director to a fiinctional group incorporated into the toner particle. 
Aprefenred method is via a functional group built into the graft stabilizer. The charge 
director imparts an electrical charge of selected polarity onto the toner particles. Any 
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number ofcharge directors described in the art 1^ For example, the charge 

director may be introduced in the form of metal salts consisting of polyvalent metal 
ions and organic anions as the couhterion. Suitable metal ions include Ba(II), Ca(II), 
Mh(II), ZnCn). Zr(IV), CuCff), A1(III), Cr(III), Fe(II), Fe(III), Sb(III), Bi(III), Co(II), 
La(ni), Pb(II), Mg(n), MoOOI), Ni(II), Ag(I), Sr(n), Sn(IV), V(V), Y(III), and Ti(IV). 
Suitable organic anions include carboxylates or sulfonates derived from aliphatic or 
aromatic carboxylic or sulfonic acids, preferably aliphatic fatty acids such as stearic 
acid, behenic acid, neodecanoic acid, diisopropylsalicylic acid, octanoic acid, abietic 
acid, naphthenic acid, octanoic acid, lauric acid, tallic acid, and the like. Preferred 
positive charge directors are the metallic carboxylates (soaps) described in U.S. Patent 
3,411,936 which include alkaline earth- and heavy-metallic salts of fetty acids 
containing at least 6-7 carbons and cyclic aliphatic acids including naphthenic acid; 
more preferred are polyvalent metal soaps of zirconium and aluminum; most 
prefixed is the sdrconium soap of octanoic acid (Zirconium HEX-CEM from Mooney 
Chemicals, Cleveland, GS). 

The preferred diarge direction levek for a given toner fonnulation will depend 
upon a number of fiictors, including the composition of the graft stabilizer and 
organosol, the molecular weight of the organosol, the particle size of the organosol, 
the core/shell ratio of the organosol, the pigment used in making the toner, and the 
ratio of organosol to pigment. In addition, preferred charge direction levels will also 
depend upon the nature of the electrophotographic imaging process, particularly the 
design of the developing hardware and photoreceptive element. Those skilled in the 
art, however, know how to adjust the level of charge direction based on the listed 
parametm to achieve the desired results for their particular application. 

The conductivity of a liquid tona: has been well established in the art as a 
measure of the effectiveness of a toner in developing electrophotographic images. A 
range of vahjes from l.QxlO'" who/cm to lO.QxlO"" mho/cm has been disclosed as 
advantageous in U.S. 3,890,240. High conductivities generally indicate inefScient 
association of the charges on the ton^ particles and are seen in the low relationship 
between current density and tono* deposited during developmrat. Low conductivities 
indicate little or no charging of the toner particles and lead to very low development 
rates. The use ofchaige director compounds to ensure suffid^ charge associated wt^ 
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eachpaittdeisaoominoiipfBCtioe. There has, in mem times, been a realization that 
even with the use of cfaaige diredois there can be much unwanted charge atuated on 
charged species in solution in the canier liquid. Sudi charge produces inefficiency, 
instability, and inconsistency in the development U.S. Fttent No. 4,925,766 discloses 
5 that at least 40%, and preferably at least 80%, of the total charge in the liquid toner 
duHild be situated and remain on the toner particles. 

Suitable efforts to localize the charges onto the toner particles and to ensure that 
there is substantially no migration of charge from those particles into the liquid, and that 
no otho- unwanted charge moieties are present in the liquid, give substantial 

10 improvements. A measure ofthe required properties is the ratio between the 

conductivity ofthe carrier liquid as it appears in the liquid toner and the conductivity of 
the liquid toner as a whole. This ratio is preferably less than 0.6, more preferably less 
than 0.4, and most preferably less than 0.3. 

Any number of methods may be used for effecting particle size reduction of 

15 the pigment in preparation ofthe gel liquid tonors. Some suitable methods include 
high shear homogoization, ball-milling, attritor milling, high energy bead (sand) 
milling, basket millmg, or other means known in the art Prrferably, the ink is milled 
in an attritor, v^cal bead mill, or basket mill to avoid overshearing the organosol, 
v^ch can cause an undesirable reduction in ink stability and adversely affect charge 

20 characteristics such as ink conductivity. 

In electrophotographic and electrographic processes, an electrostatic image is 
formed on the surfiu:e of a photoreceptive element or dielectric element. The 
photoreceptive element or dielectric element may be an intermediate transfer drum or 
beh, or the substrate for the final toned image itself, as described by Schmidt, S. P. 

25 and Larson, J. R. in Handbook of Imaging Materials Diamond, AS., Ed: Marcel 
Dekker: New York; Chapter 6, pp 227-252, and U. S. Patent Nos. 4,728,983, 
4,321,404, and 4,268,598. 

In electrography, a Utent image is typically formed by (1) placing a charge 

image onto the (fielectric element (typically the receiving substrate) in selected areas 

30 ofthe element vnlh an electrostatic writing stylus or its equivalent to form a diarge 

image, (2) ^plying toner to the charge image, and (3) fixing the toned image. An 

example of this type of process is described in U.S. Patent No. 5,262,259. 
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Images fonned by the present invention may be of a angle color or a plurality 
of colors. NAikicolor images can be prepared by repetition of the charging and toner 
application steps. Examples of electrophotographic methods suitable for producing 
fiill color reproductions are described by U.S. Patent Nos, 2^97,691; 2,752,833; 
2,986,466; 3,690,756; 4,403,848; 4,370,047; 4,467,334; 4,728,983; U.S. 5,650,253; 
U.S. 5,916,718; and European Patent ^plication No. 0,453,256. Examples of 
suitable transfer and fixing processes are described in U.S. Patent Nos. 4,337,303 and 
5,108,865. 

Jn electrophotography, the dectiostatic image is typically formed on a drum or 
belt coated with a photorecqitive element by (1) uniformly charging the 
photoreceptive element vdth an applied voltage, (2) expodng and discharging 
portions of the photorecqitive element with a radiation source to form a latent image, 
(3) 4>plying a toner to the latent image to form a toned inuig^ and (4) transferring the 
toned image through one or more steps to a final recqnor sheet. In some applications, 
it is sometimes desirable to fix the toned image using a heated pressure roller or other 
fixing methods known in the art. 

While the electrostatic charge of either the toner particles or photoreceptive 
element may be either positive or negative, electrophotography is preferably carried 
out by dissipating charge on a positively charged photoreceptive element. Toner is 
then applied to the regions in which the positive charge was dissipated using a liquid 
toner immersion development technique. This development may be accomplished by 
using a uniform electric field produced by a development electrode spaced near the 
photoreceptive element sur&ce. A bias voltage is applied to the electrode 
intermediate to the initially charged surface voltage and the exposed surfiu:e voltage 
level. The voltage is adjusted to obtain the required maximum density level and tone 
reproduction scale for halftone dots without any background deposited. Liquid toner 
is then caused to flow between the electrode and the photoreceptive element. The 
charged toner particles are mobile in the field and are attraaed to the discharged areas 
on the photoreceptive element while being repelled from the undischarged non-image 
areas. Excess liquid toner remaining on the photorecq>tive element is removed by 
techniques well known in the art. Thereafter, the photoreceptive element surfiice may 
be force dried or allowed to dry at the ambient conditions. 
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Paiticulariy usefiil electrophotographic processes for forming a multi-colored 
image on a receptor are described in U.S. S,061»S83» U.S. S,6S0»2S3 and U.S. 
5,916,718. The process disclosed in U.S. 5,650,253 basically involves the steps of © 
applying a uniform positive charge of approximately 700 volts on the surfiice of a 
5 photorecq)tive element, 00 easing and partially discharging the surfiice of the 
photorecqitive element with a bser scanning device in an image-wise patton to 
create a latent image, (iii) applying a liquid color toner to the ktent image to form 
both a toned image and a uniform sur&ce charge on the photoreceptive element, (iv) 
removing excess liquid toner, (v) drying the toned imag^ and (W) transferring the 
10 toned image either directly or indirectly onto a final receptor. To form multi-colored 
images, steps (i) through (iv) are repeated imtil all the desired colors are formed on 
the photoreceptive element prior to transferring the images either directly or indirectly 
onto a final receptor. 

The process disclosed in U.S. 5,916,718 is similar to that of U.S. U.S. 

15 5,650,253, excq>t that processes (ii) through (v) are repeated in forming a multi- 
colored image. Unlike conventional electrophotographic processes, this process of 
forming multi-colored unages may be accomplished without eraang the residual 
charge and recharging the surfiice of the photoreceptive element prior to scanning and 
developing a subsequent image. The liquid toner of the present invention provides 

20 sufiBdent charge in the imaged areas to allow the creation of a subsequent latent 
image without erasing and recharging the surfiice. Alternatively, the process of U.S. 
5,916,718 nuiy be carried out in a manner such that steps 00-(vi) are rq>eated in 
forming a multi-colored image, in which case the multi-colored image may be built up 
on an intmnediate transfer element, or may be built up on the final image receptor. 

25 These methods make use of an offset transfa- process incorporating as an 

element an intermediate transfer roller which is coated with a silicone or 
fluorosilicone elastomer composition, which is heated to between 80-lOOX, and 
which ^plies a force of approximately 40-80 Ibf across the entire contact zone with 
the photoreceptor. One suitable coating composition for the transfer roller is the Dow 

30 Coming 94-003 fluorosilicone elastomer heated to between 85-95*C. Preferred 
elastomeric coating compositions are disclosed in U.S. 5,965,3 14« 
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The substrate for recdving the image from either the photoreceptive element 
in electrophotographic printing or the dielectric element in electrostatic printing can 
be any commonly used receptor material, such as paper, coated paper, polymeric 
films and primed or coated polymeric films, particularly adhesive coated polymeric 
5 films. Suitable polymeric films include polyesters, plasticized and compounded 
polyvinyl chloride (PVC), acrylics, polyurethanes, polyethylene/acrylic acid 
copolymers, (e.g., commercially available under the trade designation SURLYN and 
polyvinyl butyrals. Commercially available composite mataials such as those having 
the trade designations SCOTCHCAL, SCOTCHLIIE, and PANAELEX are also 
10 suitable for preparing substrates. 

The transfer of the fonned image from the surftce of photorecqptor or 
dielectric element to the final receptor or transfer medium may be enhanced by the 
incorporation of a release-promoting material wittun the dispersed particles used to 
form the image. The incorporadon of a silicone-containing material or a fluorine- 
15 containing mat«al in the outer (shell) layer of the particle facilitates the e£5cient 
transfer of the image. 

In multicolor dectrographic imaging, the toners may be applied to the sur&ce 
of the dielectric element or photoreceptive element in any order, but for colorimetric 
reasons, bearing in mind the inversion that occurs on transfer, it is sometimes 

20 preferred to apply the images in a specified order depending upon the transparency 
and intensity of the colors. A preferred order for direct imaging or double transfer 
process is yellow, magenta, cyan, and black; for a single transfer process, the 
preferred order is black, cyan, magenta, and yellow. Yellow is generally imaged first 
to avoid contamination from other toners and black is generally imaged last due to the 

25 black toner acting as a filter of the radiation source. 

Overcoating of the transferred image may optionally be carried out to protect 
the image from physical damage and/or actinic danuige. Compositions for 
overcoatings are well-known in the art and typically comprise a clear film-forming 
polymer dissolved or su^)ended in a volatile solvent. An ultraviolet light absorbing 
30 agent may optionally be added to the coating composition. Lamination of protective 
layors to the image-bearing sur&ce is also well known in the art and may be used with 
this invention. 
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In order to fiincdon most effectively, liquid toners preferably have 
conductance values in the range of SO to 1200 picomho-cm* ' at their working 
concentrations. Liquid toners prepared according to the present invention preferably 
have conductance values of fipom SO to SOO picomho-cm'^ for a dispersion containing 
5 3% by weight solids. Toners are usually prepared in a concentrated form to conserve 
storage space and reduce transportation costs. In order to use the tonm in the printer, 
the concentrate is diluted with additional carrier liquid to give what is termed the 
working strength liquid toner. 

The acid-base gel organosol provides an efficient method for formulating a 
10 high solids ink. The acid-base gel organosol will phase separate into two phases^ one 
phase comprising primarily a portion of the carrier liquid and the other phase a 
concentrated gd organosol dispersion. Once separated, the gel organosol can be 
simply redispersed with mixing or by removal of the sq»arated carrier liquid form a 
concentrate of the dispersion. A high solids ink for printmg or replenishmrat may be 
15 produced by allowing the organosol to gd and then decanting or uphoning off the 
supernatant liquid, thus forming a concentrate of the gd polymer in the dispersant 
liquiid. A variety of altemative methods for concentrating the organosol or ink are 
well known in the art, such as gravity settling, centrifiigation, fihration, controlled 
flocculation, etc. The carrier liquid may be removed cither prior to or after the 
20 addition of the pigment and/or diarge director and either before or after milling the 
toner. 

These and other aspects of the present invention are demonstrated in the 
illustrative examples that follow. 

EXAMPLES 

25 Gtossarv of Chemical Abbreviations & Chemical Sources 

The following raw materials were used to prq>are the polymers in the 
exanq>les that follow: 

The catalysts used in the examples are Azobisisobutyronitrile (designated as 
ATON, VAZO-64 available fromDuPont Chemicals, Wilmington, DE); and Dibutyl 
30 Tin Dilaurate (designated as DBTDL, available from Aldrich Chemical Co., 
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Milwaukee, WI). The monomers are all available from Scientific Polymer Products^ 
Inc., Ontario, NY unless designated otherwise. 

The monomers used in the examples are designated by the following 
abbreviations: Dimethylaminoethyl methacrylate (DMA]Q4A); Dimetfayl-m« 
isopropenyl brazylisocyanate (TMI, available from CYTEC Industries, West 
Paterson, MI); Ethyl Acrylate (EA); 2-Ethylhexyl Methacrylate (EHMA); 2- 
Hydroxyethyl Methacrylate ^10^); Lauryl Mediacrylate or Dodecyl Methacrylate 
(LMA); Methacrylic acid (MAA); Methyl Methacrylate (MMA); and Octadecyl 
Acrylate or Stearyl Acrylate (ODA). 

AnalvticiJ Test Methods 

The fi>nowing test methods were used to diaracterize the polymers and inks in 
the examples which follow: 

Percent Solids of Graft Stabilizer Qrpan osoL and Liquid Toner 

Percent solids of the graft stabilizer solutions, and the organosol and ink 
dispmions, were determined gravimetrically using a halogen lamp drying oven 
attadmient to a predsion analytical balance (Mettler Instruments Inc., Hightstown, 
N}). Approximately two grams of sample were used in each determination of percent 
solids using this sample drydown method. 

Graft Stabilizer Molecular Weig ht 

Various properties of the graft stabilizer have been determined to be important 
to the performance of the stabilizer, including molecular weight and molecular weight 
polydispersity. Graft stabilizer molecular weight is normally expressed in terms of 
the weight average molecular weight (Mw), while molecular weight polydispersity is 
given by the ratio of the weight average molecular weight to the number average 
molecular weight (Mw/Mo). Molecular weight parameters vfere determined for graft 
stabilizers with gel permeation chromatography (GPC) using tetrahydrofiiran as the 
carrier solvent. Absolute Mw was determined using a Dawn DSP-F light scattmng 
detector (Wyatt Technology Corp, Santa Barbara,CA), while polydispersity was 
evahiated by ratioing the measured Mw to a vahie of M^ d^ermined with an Optilab 
903 differential reftactometer detector (Wyatt Tedmology Corp, Santa Barbara, CA). 



31 



wo 01/79363 



PCT/USOl/10176 



QinganoaolPartide Size 

Organosol particle size was determined by dynamic light scattering on a 
diluted toner sample (typically < 0.0001 g/ml) using a Malvern Zetasizo* III Photon 
Correlation Spectrometer (Malvom Instruments &ic^ Southborough, MA). The dilute 
5 samples were ultrasonicated for one minute at 100 watts and 20 kiloHz (kHz) prior to 
measurement. Dynamic light scattering provides a fast method of determining the 
particle translational diffusion coefficient, which can be related to the z-average 
particle diameter without d^ailed knowledge of the optical and physical properties 
(i.e. refractive index, density and viscosity) of the organosol. Details of the method 
10 are described in Chu (Chu, B., Laser Scattering Academic Press, NY 1974, 1 1 A). 
Since the organosols are comprised of nearly monodisperse, iiniform spherical 
particles, dynamic light scattering provides an absolute measure of particle size for 
particles having diameters between 25-2500 nm. 

Liquid Toner Properties 

15 The characterization of a liquid tono- requires the measurement of a number of 

physical and chemical properties of the toner, as wdl as direct evaluation of inuige 
quality obtained by developing the toner in a LEP imaging mechanism. The 
measured toner diaracteristics can be roughly broken down into size-related 
properties (particle size), charge-related properties (bulk and free phase conductivity, 

20 dynamic mobility and zeta potential, and charge/developed reflectance optical density 
(Q/ROD), a parameter ^ch is directly proportional to the toner charge/mass. 

Particle Size 

Toner particle size distributions were determined using a Horiba L A-900 laser 
dififraction particle size andyzer(Eforiba Instruments, Inc,Inrine,CA). Toner 
25 samples were diluted q)proxinuitely 1/SOO by vohmie and sonicated for one minute at 
150 watts and 20 kHz prior to measurement. Toner particle size was expressed on a 
number-average basis in order to provide an indication of the fimdamental (primary) 
particle size of the ink particles. 

Toner Conductivitv 

30 The liquid toner conductivity (bulk conductivity, kb) was determined at 

approximately 18 Hz using a Scientifica model 627 conductivity meter (Sdentifica 
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Instniments^ Inc., Princeton, NJ). In addition, the free (dispersant) phase conductivity 
(k0 in the absence of toner particles was also detennined. Toner particles were 

removed from the liquid milieu by centrifiigation at SX for 1*2 hours at 6,000 rpm 
(6, 1 10 relative centrifiigal force) in a Jouan MR1822 centrifuge (Winchester, VA). 
The supernatant liquid was then care&lly decanted, and the conductivity of this liquid 
was measured using a Scientifica Model 627 conductance meter. The percentage of 
free phase conductivity relative to the bulk toner conductivity was then determined as: 
100% (Mcb). 

Particle Mobility 

Toner particle electrophoretic mobility (dynamic mobility) was measured 
using a Matec MBS-8000 Electrokinetic Sonic Amplitude Analyzer (Matec Applied 
Sciences, Inc., Hopldnton, MA). Unlike electrokinetic measurements based upon 
microelectrophoresis, the MBS-8000 instrument has the advantage of requiring no 
dilution of the toner sample in order to obtain the mobility value. Thus, it was 
possible to measure toner particle dynamic mobility at solids concentrations actually 
preferred in printing. The MBS-8000 measures the response of charged particles to 
high frequency (1.2 MHz) alternating (AC) electric fields. In a high frequency AC 
electric field, the relative motion between charged toner particles and the surrounding 
dispersion medium (including counter-ions) generates an ultrasonic wave at the same 
frequency of the applied electric field. The amplitude of this ultrasonic wave at 1.2 
MHz can be measured using a piezoelectric quartz transducer; this electrokinetic 
sonic amplitude (ESA) is directiy proportional to the low field AC electrophoretic 
mobility of the particles. The particle zeta potential can then be computed by the 
instnunent from the measured dynamic mobility and the known toner particle size, 
dispersant liquid viscosity, and liquid dielectric constant. 

Particle Charge 

Toner charge/mass is an important, albeit difficult to determine parameter 

useful in predicting the development characteristics (e.g. optical density, overtoning 

uniformity) for liquid toners. The difficult in determining charge/mass for liquid 

toners arises from the low developed toner mass (typically 50-200 micro grams/cm^) 

associated with the desired developed optical densities (typically > 1.2 reflectance 

optical density units). A related parameter which is directiy proportional to toner 
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diarge/mass is the toner chaige/devdoped optical density. This parameter was 
determined by plating ink particles in distinct bands covering a range of known 
plating potmtials onto a dielectric sheet coated with a silicone release layer while 
simultaneously monitoriqg the total current flow vntii a sensitive electrometer. The 

5 resulting plated toner layer was then air dried and transferred using an offset transfer 
process to plain paper. The reflectance optical density of the completely transferred 
toner film on pap^ was determined using a Greteg SPMSO reflectance optical 
densitometer (Greteg Instruments Inc., Regensdor^ Sitzerland). The ratio of the total 
current to the product of the plated toner area and the developed optical density yields 

10 the charge/ROD value for that toner, i.e. Chargc/ROD = (Total Current)/[(Plated 
AreaX^eflectance Optical Density)]. 

Graft Stabilizers 

In the following examples of graft stabilizer preparations, it will be convenient 
to sunmuurize the compositional details of each particular graft stabilizer or graft 

15 stabilizer precursor by ratioing the weight percentage of monomers employed in the 
synthesis. For example, a graft stabilizer designated LMA/HEMA-TNfl (96/1/3-4.7 
%w/w) is made from a graft stabilizer precursor that is a copolymer consisting of 96% 
weight percent LMA and 3% weight percent HEMA, to i^ch is covalently bonded a 
grafting site consisting of 4.7 weight percent TMI based on the total weight of the 

20 graft stabilizer precursor. 

Eramnlcl 

A 3000 ml 3-necked round bottom flask equipped with a condenser, a 
thmnocouple connected to a digital temperature controller, a nitrogen inlet tube 

25 connected to a source of dry nitrogen, and an overiiead mechanical agitator, was 
charged with a mixture of 1468 g of NORPAR 12, 485.0 g of LMA, 16.0 g of 96% 
HEMA, and S.O g of AIBN. While mechanically stirring the nuxture, the reaction 
flask was purged with dry nitrogen for 30 minutes at a flow rate of approximately 2 
liters/min. A hollow glass stopper was then inserted into the open end of the 

30 condenser and the nitrogm flow rate was reduced to approximately 0. 5 liters/mia 

The mixture was heated to 70°C with stirring, and the mixture was allowed to 

polymerize at 70X for 16 hours, at which time the conversion was quantitative. 
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The mixture was heated to 90''C and held at that temperat^^ 1 hourto 
destroy any residual AIBN, then was cooled back to 70*C. The nitrogen inlet tube 
was then removed, and 7.8 g of 95% DBTDL were added to the mixture, followed by 
23.5 g of TMI. The TMI was added drop wise over the course of approximately five 
minutes while magnetically stirring the reaction mixture. The nitrogen inlet tube was 
replaced, the hollow glass stopper in the condenser was removed, and the reaction 
flask was purged with dry nitrogen for 30 minutes at a flow rate of approximately 2 
liters/min. The hollow glass stoppo- was reinserted into the open end of the 
condenser and the nitrogen flow rate was reduced to approximately 0.5 liters/min. 
The mixture was allowed to react at 70X for 6 hours, at which time the convmion 
was quantitative. 

The mixture was then cooled to room temperature. The cooled mixture was a 
viscous, colorless liquid containing no visible insoluble material. The percent solids 
of the liquid mixture was determined as 24.7% using the infrared drying method 
described above. Subsequent determination of molecular weight was made using GPC 
method described above. The copolymer had a M» of 174,504 Da and a MJh/S^ of 
4.24. The product is a copolymer of IMA and HEMA having random side chains of 
TMI and is designated hoein as LMA/HmA-TMI (97/3-4.7% wAv). 

Example 2 

Using the method and apparatus of Example 1, 1448 g of NORPAR 12, 485.0 
g of LMA, 16.0 g of 96% HEMA, 15.0 g of MAA, and 5.0 g of AffiN were combmed 
m a reaction flask. The resuhing mfacture reacted at 70% for 16 hours. Thembcture 
was heated to 90^C for 1 hour to destroy any residual AIBN, then was cooled back to 
70^C. To the cooled nuxture was then added 7.8 g of 95% DBTDL and 23.5 g of 
TML The TNfl was added drop wise over the course ofapproximately five minutes 
while magnetically stirring the reaction nuxture. FoUowing the procedure of Example 
1 , the mixture was reacted at 70% for approximatdy 6 hours, at which time the 
convmion was quantitative. The mixture was then cooled to room temperature. The 
cooled mixture was a viscous, colorless liquid containing no visible insoluble 
material. 

The percent solids of the liquid mixture vm determined as 26.4% using the 
infrared drying method desoibed above. Subsequent determination of molecular 
weight was made using GPC method described above. The copolymer had a Mw of 
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213,719 Da and a Hk/Mq of S.S 1. The produd is a tecpolymer containing LMA, 
NfAA, and HEMA having random side chains of TMI and is designated herein as . 
LMA/MAA/HEMA-TMI (97/3/3^.7% w/w). 

Examples 

5 Using the method and apparatus of Example 1, 1448 g of NORPAR 12, 485.0 

g of LMA, 16.0 g of 96% HEMA, IS.O g of DMAEMA, and S.O g of AIBN were 
combined in a reaction flask. The resulting mixture reacted at 70T for 16 hours. The 
mixture was heated to 90^ for 1 hour to destroy any residual AIBN, then was cooled 
back to 70^C. To the cooled mixture was then added 7.8 g of 95% DBTDL and 23.5 

10 g of TMI. The TMI was added drop wise over the course of approximately five 

minutes while magnetically stirring the reaction mixture. Following the procedure of 
Example 1, the mixture was reacted at 70X for approximately 6 hours, at which time 
the conversion was quantitative. The mixture was then cooled to room temperature. 
The cooled mbcture was a inscous, colorless liquid containing no ^sible insoluble 

15 material. 

The percent solids of the liquid mixture was determined as 25.6% using the 
infrared drying method desoibed above. Subsequent determination of molecular 
weight was made using GPC method described above. The copolymer had a Mw of 
1 85,33 1 Da and a VLJ^A^ of 5.40. The product is a terpolymcr containing LMA, 
20 DMAEMA, and HEMA having random side chains of TMI and is designated herein 
as LMA/DMAEMA/HEMA-TMI (94/3/3-4.7% w/w). 

Example 4 

A 16 ounce (0.48 liter), narrow-mouthed glass bottle was charged with 93.2 g 
of NORPAR 12, 30.6 g of ODA, 0.98 g of 96% HEMA, and 0.23 g of ABBN. The 

25 bottle was purged for two minutes with dry nitrogen at a rate of 1.5 liters/min, then 
sealed with a screw cap fitted with a t^on liner. The cap was secured in place using 
electrical tape. The sealed bottle was then inserted into a metal cage assembly and 
installed on the agitator assembly of an Atlas Launder-Ometer (Atlas Electrical 
Devices Company, Chicago, IL). The Launder-Omet^ was operated at its fixed 

30 agitation speed of42rpm with a water bath temperature of 70"^:. The mixture was 
allowed to react for 16 hour% at which time the conversion of monomer to polymer 
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was quantitative. The mixture was lieated to 90% for 1 hour to destroy any residual 
AIBN, then was cooled to room temperature. The bottle was then opened and 0.78 g 
of 95% DBTDL and 2.35 g of TMI were added to the cooled mixture. The bottle was 
purged for two minutes with dry nitrogen at a rate of approximately 1 .5 liters/minute, 
then sealed with a screw cap fitted with a teflon liner. The cap was secured in place 
using electrical tape. The sealed botde was then inserted into a metal cage assembly 
and installed on the agitator assembly of the Atlas Launder-Ometer. The Lander- 
Ometer was operated at its fixed agitation speed of 42 rpm with a water bath 
temperature of 70%. The mixture was allowed to react for 6 hours, at which time the 
conversion was quantitative. The mixture was then cooled to room temperature. The 
cooled mixture was a viscous, transparent straw colored solution that contained no 
insoluble solid residues and solidified slowly at roomtenq)erature. 

The percent solids of the liquid mixture was determined as 26. 1% using the 
infixed drying method described above. Subsequent determination of molecular 
weight was made using the GPC method described above. The copolymer had a Mw 
of 152,233 Da and a MJMn of 6. 19. The product is a copolymer of ODA and HEMA 
having random side chains of TNfl and is designated herein as ODA/HEMA-TMI 
(94/3^.7% w/w). 

Eiamplc S 

Using the method and apparatus of Example 4, 93.2 g of NORPAR 12, 29.7 g 
of ODA, 0.95 g of DMAEMA, 0.98 g of 96% HEMA, and 0.23 g of AIBN were 
combined in a reaction bottle and the resulting mixture reacted at 70X for 16 hours. 
The mixture was then heated for to 90T for 1 hour to destroy any residual AIBN, 
then was cooled to room temperature. To the cooled mixture was then added 0.78 g 
of 95% DBTDL and 2.35 g of TMI, and the mixture heated to 70X and maintained at 
this temperature for 6 hours, after which time the reaction was quantitative. The 
mixture was then cooled to room temperature. The cooled mixture was a viscous, 
straw colored sohition that contained no insoluble solid residues and solidified slowly 
at room temperature. 

The percent solids of the liquid mixture was determined as 26.2% using the 
infinared drying method described above. Subsequent detennination of molecular 
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^ght was made using the method described The copolymer had a Mw 
of 106,690 Da and a MJMn of 5. 19. The product is a terpolymer of ODA, 
DMAENfA, and HEKiA. having random side chains of TNfl and is designated herein 
as ODA/DMAEMA/HEMA-TNa (94/3/3-4.7% w/w). 

5 EiamDlc6 

Using the method and apparatus of Example 4, 93.2 g of NORPAR 12, 29.7 g 
of ODA, 0.94 g of MAA, 0.98 g of 96% HEMA, and 0.23 g of AIBN were combined 
in a reaction bottle and the resulting mbcture reacted at 70*t: for 16 hours. The 
mixture was then heated for to 90X for 1 hour to destroy any residual AIBN, then 

10 was cooled to room temperature. To the cooled mixture was then added 0.78 g of 
95% DBTDL and 2.35 g of TMI, and the mixture heated to 70^C and maintained at 
this temperature for 6 hours, after which time the reaction was quantitative. The 
mixture was then cooled to room temperature. The cooled mixture was a viscous, 
slightly cloudy colorless solution that contained no insoluble solid residues and 

15 solidified slowly at room temperature. 

The percent solids of the liquid mixture was determined as 25.7% using the 
infiared drying method described above. Subsequent determination of molecular 
weight was not possible due to unsuccessful filtration of the solution. The product is 
a terpolymer of ODA, MAA, and HEMA having random side chains of TMI and is 

20 designated herein as ODA/MAA/EIEMA-TMI (94/3/3-4.7% w/w). 

Eiamole 7 

A 5000 ml 3-necked round bottom flask equipped with a condenser, a 
thmnocouple connected to a digital tenq>erature controller, a nitrogen inlet tube 
connected to a source of diy nitrogen, and an overhead mechanical agitator, was 

25 charged with a mixture of 2563 g of NORPAR 12, 849 g of EHMA, 27 g of 96% 
HEMA, and 6.6 g of AIBN. While mechanically stirring the mixture, the reaction 
flask was purged with dry nitrogen for 3 0 minutes at a flow rate of approximately 2 
liters/min. A hollow glass stopper was then inserted into the open end of the 
condenso- and the nitrogm flow rate was reduced to approxinuttely 0.5 liten/min. 

30 The nibcture was heated to 70^Cvdth stirring, and the nodxturew^ 

polymerize at 70*C for 16 hours, at which time the conversion was quantitative. 
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The mixture was heated to 90^0 and held at that teiqperature for 1 hour to 
destroy any residual AIBN, then was cooled bade to 70*^. The nitrogen inlet tube 
was then removed, and 13.6 g of 95% DBTDL were added to the mixture, followed 
by 4M g of TMI. The TMI was added drop wise over the course of approximately 
five minutes while magnetically stirring the reaction mixture. The nitrogen inlet tube 
was replaced, the hollow glass stopper in the condenser was removed, and the 
reaction flask was purged with dry nitrogen for 30 minutes at a flow rate of 
^proximately 2 liters/min. The hollow glass stopper was reinserted into the open end 
of the condenser and the nitrogen flow rate was reduced to ^proximately 0.5 
liters/min. The mixture was allowed to react at 70X for 6 hours, at ^i^ch time the 
conversion was quantitative. 

The mixture was then cooled to room temperature. The cooled mixture was a 
viscous, colorless liquid containing no visible insoluble material. The p^cent solids 
of the liquid mixture was detmnined as 25.5% using the infrared drying method 
described above. Subsequent determination of molecular weight was made using 
GPC method described above. The copolymer had a Mw of 220, 197 Da and a M^/Mn 
of 3.72. The product is a copolymer of EHNfA and HEMA having random side 
chains of TMI and is designated herein as EHMA/HEMA-TMI (97/3-4.7% w/w). 

Examples 

Usiiig the method and apparatus of Example 4, 74.5 g of NORPAR 13, 24.5 g 
of LMA, 0.78 g of 96% HEMA, and 0. 188 g of AIBN were combined in a glass 
bottle, purged with nitrogen, and the resulting mbcture heated at 70^C for 16 hours. 
The mixture was then heated for to 90T for 1 hour to destroy any residual AIBN, 
then was cooled to room temperature. To the cooled mbcture was then added 0.78 g 
of 95% DBTDL and 2.35 g of TMI, and the mixture heated to 70°C and maintained at 
this tenq>erature for 6 hours, after which time the reaction was quantitative. The 
cooled mbcture was a viscous, coloriess solution that contained no insoluble solid 
residues and solidified slowly at room temperature. 

The percent solids of the liquid mixture was determined as 25. 1% using the 

infrared drying metiiod described above. Subsequent determination of molecular 

weight was made using GPC method described above. The copolymer had a Mw of 

21 1,918 Da and a MJMn of 4.21. The product is a copolymer of LMA and HEMA 
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having random side chains of TNQ and is designated herein as LMA/HEMA-TMI 
(97/3-4.7% w/w). 

EmoidIc 9 

Using (he method and apparatus of Example 4, 74.5 g of NORPAR 13, 23.7 g 
5 of LMA. 0.76 g of M/^ 0.78 g of 96% HEMA, and 0.188 g of AIBN were 

combined in a glass bottle, purged with nitrogen, and the resultiiig mixture heated at 
70X for 16 hours. Themixture was then heated for to 90^ for 1 hour to destroy any 
residual AIBN, then was cooled to room temperature. To the cooled mixture was then 
added 0.78 g of 9S% DBTDL and 2.3S g of TMI, and the mixture heated to 70"^ and 

10 maintained at this temperature for 6 hours, after which time the reaction was 

quantitative. The cooled mixture was a viscous, colorless solution that contained no 
insoluble solid residues and solidified slowly at room temperature. 

The percent solids of the liquid mixture was determined as 25.8% using the 
infrared drying method described above. Subsequent determination of molecular 

IS weight was made using GPC method described above. The copolymer had a Mw of 
232, 100 Da and a MJMn of 3.82. The product is a terpolymer of LMA, MAA, and 
HENfA having random side chains of TMI and is designated herein as 
LMA/MAA/HEMA-TMI (94/3/3-4.7% w/w). 

20 Organosol Examples 

In the following examples of organosol preparation, it will be convenient to 
summarize the composition of each particular organosol in terms of the ratio of the 
total weight of monomers comprising the organosol core relative to the total weight of 
monomers conq>rising the organosol shell. The ratio is referred to as the core/shell 

25 ratio of the organosol. In addition it will be useful to summarize the compositional 
details of each particular organosol by ratioing the weight percentages of monomers 
used to create the shell and the core. For example, an organosol designated 
LMA/DMAEMA/HEN«A-TMI//K1MA^ (94/3/3-4.7/725/75 % w/w) is made form 
shell comprised of graft stabilizer precursor vMch is a t^olymer consisting of 94 

30 weight percent of LMA, 3 weight percent of DMAEMA and 3 weight percent of 
HEMA, to which is covalentiy bonded a grafting site consisting of 4.7 wdght percent 
of TMI bases on the total weight of graft stabilizer precursor. The graft stabilizer is 
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oovalemly bonded to a core that is comprised of 25 weight percent MMA and 7S 
weight percent of EA. 

This example uses the graft stabilizer of Example 1 to prepare a self stable 
organosol with a core/shell ratio of 8/1 having acidic groups (NfAA, 1 weight percent 
w/w) in the core. An 8 ounce (0.24 liter), narrow-mouthed glass bottle was charged 
with 83.7 g of NORPAR 12, 8.0 g of EA, 2.7 g of MMA, 0.1 1 g of MAA (1 weight 
percent w/w), 5.4 g of the graft stabilizer mixture from Example 1 at 24.7%, solids^ 
and 0.18 g of AIBN. The bottle was purged for two minutes with dry nitrogen at a 
rate of 1.5 liters/min, then sealed with a screw cap fitted with a teflon liner. The cap 
was secured in place using electrical Upe. The sealed botde was then inserted into a 
metal cage assembly and installed on the agitator assembly of an Atlas Launder- 
Ometer (Atlas Electrical Devices Company, Chicago, IL). The Launder-Ometor was 
operated at its fixed agitation speed of 42 rpm with a water bath temperature of 70''C. 
The mixture was heated to 70X with agitation and allowed to polymerize at 70^ for 
16 hours, at which time the cnganosol was cooled to room temperature yielding an 
opaque white dispersion which did not gel. 

This self stable organosol is designated LMA/HEMA-TMI/ZMAA/MMA/EA 
(97/3^.7//l/25/74 % w/w) having a calculated Tg equal to -1^. The percent solids of 
this organosol was determined as 1 1.5% using the halogen drying method outlined 
above. Subsequent determination of average particle size was made using the 
dynamic tight scattering method described above; the organosol had a z-average 
diameter of 263 nm. 

Example 11 

This example uses the graft stabilizer of Example 1 to prepare a self stable 
organosol with a core/shell ratio of 8/1, having basic groups (DMAEMA, 3 weight 
percent w/w) in the core. A 3000 ml B-necked round bottom flask equipped with an 
overhead mechanical stirrer, condenser, a thermocouple connected to a digital 
tempmture controller, and a nitrogen inlrt tube connected to a source of dry nitrogen, 
was charged with a mixture of 1 5 1 1 g of NORPAR 12 , 97.2 g of the graft stabilizer 
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from Example 1 at 24.7% solids, 47.0 g of MMA, 141,1 g of EA. 5.82 g of 
DMAEMA, and 3.24 g of AIBN. While mechanically stirring, the reaction flask was 
purged with dry nitrogen for 30 minutes at a flow rate of approximately 2 
liters/minute. The nitrogen flow rate was then adjusted to approximately 0.5 
5 liters/min. The mixture was heated to 70^C with stirring, and allowed to polymerize 
at l(fC for 16 hours at which time the organosol was cooled to room temperature. 

Approximately 180 g of n-heptane were added to the cooled organosol and the 
resulting mixture was stripped of residual monomer using a rotary evq>orator 
equ4)ped with a diy ice/acetone condenser and operating at a temperature of 95X, 

10 and reducing the vacuum gradually so as to maintain an adequate condensate 

coUection rale to q>proximately 15 mm Hg. The stripped organosol was cooled to 
room tonperature, yielding an opaque white dispo^ion that did not geL 

This self stable organosol is designated LMA/H^iA- 
TMI//DMAEMA/MMA/EA (97/3-4.7//3/24/73% w/w) having a calculated Tg equal 

15 to -1%. The percent solids of this organosol was detennined as 16.2% usiiig the 
halogen drying method outlined above. Subsequoit detmnination of average particle 
size was made using the dynamic light scattering method desmbed above; the 
organosol had a z-average diameter of 140 nm. 

Example 12 

20 This example use the graft stabilizer of l^cample 3 to prqrare a sdf stable 

organosol whh a core/shell ratio of 8/1, having ba»c groups (DMAEMA, 3 weight 
percent w/w) in the shell. Using the metiiod and i^paratus of Example 10, 83.9 g of 
NORPAR 12, 8.1 g of EA, 2.7 g of MMA, 5.2 g of the graft stabilizer solution from 
Example 3 at 25.6% solids, and 0.18 g of AIBN were combined in a reaction bottie 

25 and the resulting mixture reacted at 70T for 16 hours, at which time the organosol 
was cooled to room temperature yielding an opaque i^te dispersion that did not gel. 

This self stable organosol is designated LMA/DMAEMA/HEMA- 
TMI//MMA/EA(94/3/3^.7//25/75% w/w) having a calculated Tgequd to The 
percent solids of this organosol was detenmned as 1 1.8% using the halogen drying 

30 method ouUined above. Determination of average particle size was made using the 
dynamic light scattering metiiod described above; the organosol had a z-average 
diameter of 163 nm. 
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Example 13 

This example uses the graft stabilizer of Example 2 to prepare a self stable 
organosol with a core/shell ratio of 8/1, having acidic groups (MAA, 3 weight percent 
w/w) in the shell Using the method and ^)paratus of Example 1 1, IS 14 g of 
5 NORPAR 12, 144,0 g of EA, 48.0 g of MMA, 90.9 g of the graft stabilizer solution 
from Example 2 at 26.4% solids, and 3.24 g of AIBN were reacted at TO^'C for 16 
hours. After addition of heptane and removal of the residual monomers under 
vacuum, the stripped organosol was cooled to room temperature, yielding an opaque 
white dispersion that did not gel. 

10 This self stable organosol is designated IMA/N1AA/HEMA-TM1//MMA/EA 

(94/3/3-4.7//25/75 % w/w) having a calculated Tg equal to -rc. The percent solids of 
this organosol was detennined as 14.S% using the halogen drying method outlined 
above. Determination of average particle size was made using the dynamic light 
scattering method described above; the organosol had a z-average diameter of 177 

15 nm. 

Erample 14 

This example uses the graft stabilizer of Example 4 to prepare a self stable 
organosol with a core/shell ratio of 8/1 having acidic groups (MAA, 1 weight percent 
w/w) in the core. A 16 ounce (0.48 liter), narrow-mouthed glass bottle was charged 

20 with 168, 1 g of NORPAR 12, 16.0 g of EA. 5.3 g of MMA, 0.22 g of MAA (1 weight 
percmt w/w), 10.2 g of the graft stabilizer mixture from Example 4 at 26. 1%, solids, 
and 0.36 g of AIBN. Thebottlewaspurgedfortwominutes with diy nitrogen at a 
rate of l.Sliters/min, then sealed with a screw cap fitted with a teflon liner. Thecap 
was secured in place using electrical tape. The sealed bottle was then inserted into a 

25 metal cage assembly and installed on the agitator assembly of an Atlas Launder- 
Ometer (Atlas Electrical Devices Company, Chicago, IL). The Launder-Ometer was 
operated at its fixed agitation speed of 42 ipm with a water bath temperature of 70T. 
The mixture was heated to 7(fC with agitation and allowed to polymmze at 70% for 
16 hours, at yAiich time the organosol was cooled to room tenq>erature yielding an 

30 opaque white dispersion that did not gd. 

This self stable organosol is designated 0DA/E1EMA-TMI//MAA/MMA/EA 
(97/3-4.7//1/2S/74 % w/w) having a calculated Tg equal to -IX. The percent solids of 
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this organosol was determined as 1 L9% using the halogen drying method outlined 
above. Detennination of average particle size was made using the dynamic light 
scattering method described above; the organosol had a z-average diameter of 146 
nih. 

5 Example IS 

This example uses the graft stabilizer of Example 4 to prepare a self stable 
organosol with a core/shell ratio of 8/1, having basic groups (DMAEMA, 3 weight 
percent w/w) in the core. Using the method and apparatus of Example 14, 168.4 g of 
NORPAR 12, 15.8 g of EA, 5.2 g of MMA, 0.65 g of DMAEMA (3 weight percent 

10 w/w), 10.2 g of the graft stabilizer solution from Example 4 at 26. 1% solids, and 0.36 
g of AIBN were combined in a reaction bottle and the resulting mixture reacted at 
70X for 16 hours, at which time the organosol was cooled to room temperature 
yielding an opaque white dispersion that did not gel. 

This self stable organosol is designated ODA/EIEMA- 

15 TMI//DMAEMA/MMA/EA (97/3-4.7//3/24/73% w/w) having a calculated Tg equal 
to -1^. The percent solids of this organosol was determined as 1 1 .4% using the 
halogen drying method (Ridined above. Detennination ofaverage particle size was 
made using the dynamic light scattering method described above; the organosol had a 
z-average diameter of 201 nm. 

20 Example 16 

This example uses the graft stabilizar of Example 5 to prepare a self stable 
organosol with a core/shell ratio of 8/1, having basic groups (DMAEMA, 3 weight 
percent w/w) in the shell. Using the method and apparatus of Example 14, 168.0 g of 
NORPAR 12, 16. 1 g of EA, 5.4 g of MMA, 10.2 g of the graft stabilizer solution from 

25 Example 5 at 26.2% solids, and 0.36 g of AIBN were combined in a reaction botde 
and the resulting mixture reacted at 70^C for 16 hours^ at vMch time the organosol 
was cooled to room temperature yielding an opaque white dispersion that did not gel. 

This self stable organosol is designated ODA/DMAEMA/EIEMA* 
TMI//MMA/EA(94/3/3-4.7//25/75% w/w) having a calculated Tgeq^^ The 

30 percent solids of this organosol was determined as 1 1 .7% using the halogen drying 
method outlined above. Determination ofaverage particle size was made using the 
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dynamic light scattering method desoibed above; the organosol had a z-average 
diameter of 156 nm. 

Eiamolel? 

This exan4)le uses the graft stabilizer of Example S to prepare a self stable 
organosol with a core/shell ratio of 8/1 having acidic groups (NfAA, 1 weight percent 
wAv) and basic groups (DMAEMA, 3 weight percent w/w) in the core and shell, 
respectively. Using the method and apparatus of Example 14, 168.3 g of NORPAR 
12, 16.0 g of EA, 5.3 g of MKfA, 0.22 g of MAA (1 weight percent w/w), 10,2 g of 
the graft stabilizer solution from Example 5 at 26.2% solids, and 0.36 g of AIBN were 
combined in a reaction bottle and the resulting mixture reacted at TOT for 16 hours, 
at which time the organosol was cooled to room temperature yielding an opaque white 
dispmion that did not gel. 

This self stable organosol is designated ODA/DMAEMA/HEMA- 
TMI//MAA/MMA/EA (94/3/3-4.7//1/25/74 % w/w) having a calculated Tg equal to - 
l^C. The percent solids of this organosol was determined as 1 1.7% using the halogen 
drying method outlined above. Determination of average particle size was made 
using the dynamic light scattering method described above; the organosol had az- 
average diamet^ of 248 nnt 

Example 18 

This example uses the graft stabilizer of Example 6 to prepare a self stable 
organosol with a core/shell ratio of 8/1, having acidic groups (MAA, 3 weight percent 
w/w) in the shell. Using the method and apparatus of Bcample 14, 167.8 g of 
NORPAR 12, 16. 1 g of EA, 5.4 g of MMA, 10.4 g of the graft stabilizer solution from 
Example 6 at 25.7% solids, and 0.36 g of AIBN were combined in a reaction bottle 
and the resultii^ nuxture reacted at 70''C for 16 hours^ at which time the organosol 
was cooled to room temperature yielding an opaque white diq>ersion that did not gd. 

This self stable organosol is designated ODA/MAA/HEMA-TMI//MMA/EA 
(94/3/3-4.7//25/75 % w/w) having a calculated Tg equal to -IT. The percent solids of 
this organosol was determined as 1 1.5% using the halogen diying method outlined 
above. DetermimUion of average particle size was made using the dynamic light 
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scattering method desCTibed above; the organosol had a z-average diameter of ISS 
nm. 

Example 19 

This example uses the graft stabilizer of Example 8 to prepare a self stable 
5 organosol with a core/shell ratio of 8/1, having basic groups (DMAEMA, 3 weight 
percent w/w) in the core in a solvent having a ICldebrand solubility parameter lower 
than that of NORPAR 12. Using the method and apparatus of Example 10, 84. 1 g of 
NORPAR 13, 7.8 g of EA, 2.6 g of MMA. 0.32 g of DMAEMA (3 weight percent 
w/w), 5.3 g of the graft stabilizer solution from Example 8 at 25. 1% solids, and 0. 18 g 

10 of AIBN wCTe combined in a reaction bottle and the resulting mixture reacted at 70°C 
for 16 hours, at which time the organosol was cooled to room temperature yielding an 
opaque white dispersion that did not gel. 

This self stable organosol is designated LMA/HEMA- 
TMI//DMAEMA/MMA/EA (97/3-4.7//3/24/73 % w/w) having a calculated Tg equal 

15 to -1%. The percent solids of this organosol was detennined as 12.0% using the 
halogen drying method outlined above. Determination of avmge particle size was 
made using the dynamic light scattering method described above; the organosol had a 
z-average diameter of 232 nm. 

Example 20 

20 This example uses the graft stabilizer of Example 9 to prepare a self stable 

organosol with a core/shell ratio of 8/1, having acidic groups (MAA, 3 weight parcent 
w/w) in the shell in a solvent having a Hildebrand solubility parameter lower than that 
of NORPAR 12. Using the method and apparatus of Example 10, 84.1 g of NORPAR 
13, 8. 1 g of EA, 2.7 g of MMA, 5. 1 g of the graft stabilizer solution from Example 9 

25 at 25.8% solids, and 0. 1 8 g of AIBN were combined in a reaction bottle and the 
resulting mixture reacted at 70T for 16 hour% at which tune the organosol was 
cooled to room temperature yielding an opaque ^te dispersion that did not gel. 

This self stable organosol is designated LMA/MAA/HEMA-TMI//MMA/EA 
(94/3/3-4.7//25/75 % w/w) having a calculated Tg equal to -IX. The percent solids of 

30 this organosol was determined as 1 1 .6% using the halogen drying method outlined 
above. Determination of average particle size was made using the dynamic light 
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scatteriqg method described above; the organosol had a z-average diameter of 1 59 
mn. 

Example 21 

This example uses the graft stabilizer of Example 2 to prepare a gel organosol 
with a core/shell ratio of 8/1 having both basic groups (DMAEMA, 3 weight percent 
w/w) and acidic groups (MAA, 3 weight percent w/w) in the core and shell, 
respectively. Using the method and apparatus of Example 10, 84.3 g of NORPAR 12, 
7,9 g of EA, 2.6 g of MMA, 0.32 g of DMAEMA (3 weight percent w/w), 5. 1 g of the 
graft stabilizer solution from Example 2 at 26.4% solids, and 0. 18 g of AIBN were 
combined in a reaction bottle and the resuhing mixture reacted at 70X for 16 hours, 
at which time the organosol was cooled to room tempmture yielding an opaque white 
dispersion that formed a moderately strong gel over a period of 24 hours. 

This gel organosol is designated LMA/NfAA/EIEMA* 
TMI//DMAEMA/MMA/EA (94/3/3-4.7//3/24/73 % w/w) having a calculated Tg 
equal to -l'*C. The percent solids of this organosol was determined as 11.8% using 
the halogen drying method outlined above. Accurate determination of average 
particle size was not possible using the dynamic light scattering method described 
owing to rapid flocculation of the particles during the time scale of the analysis. 

Example 22 

This example uses the graft stabilizer of Example 7 to prepare a gd organosol 
with a core/shell ratio of 8/1 having basic groups (DMAEMA, 3 weight percent w/w) 
in the core. A 16 ounce (0.48 liter), narrow-mouthed glass bottle was charged with 
168.2 g of NORPAR 12, 15.8 g of EA, 5.23 g of MMA, 0.65 g of DMAEMA (3 
weight percent w/wX 10.46 g of the graft stabilizer mixture from Example 7 at 25.5% 
solids, and 0.36 g of AIBN. The bottle was purged for two minutes with dry nitrogen 
at a rate of 1.5 Uters/mm, then sealed with a screw cap fitted with a teflon lin^. The 
cap was secured in place using electrical tape. The sealed bottle was then inserted 
into a m^al ci^e assembly and installed on the agitator assembly of an Atlas 
Launder-Ometer (Atlas Electrical Devices Company, Chicago, IL). The Launder- 
Ometer was operated at its fixed agitation speed of 42 ipm with a water bath 
temperature of 70X. The nuxture was heated to 70X with agitation and allowed to 
poljonerize at 70X for 16 hours, at which time the oiganosol was cooled to room 
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temperature yielding an opaque white dispersion that formed a moderately strong gel 
over 4 hours. 

This gel organosol is designated EHMA/HEMA-TMI//DMAmA/MMA/EA 
(97/3-4.7//3/24/73 % w/w) having a calculated Tg equal to -1^. The percent solids of 
this organosol was determined as 1 1.9% using the halogen drying method outlined 
above. Determination of average particle size was made using the dynamic light 
scattering method described above; the organosol had a z-average diameter of ISS 
nm. 

Eiample 23 

This example uses the graft stabilize of Example 7 to prepare a gel organosol 
with a core/shell ratio of 8/1 having acidic groups (MAA, 1 weight percent w/w) In 
the core. Using the method and apparatus of Example 14, 167.8 g of NORPAR 12, 
16.0 g of EA, 5.33 g of MMA, 0.215 g of MAA (1 weight percent w/w), 10.46 g of 
the graft stabilizer mixture from Example 7 at 25.5% solids, and 0.36 g of AIBN were 
combined in a reaction bottle and the resulting mixture reacted at 70^C for 16 hours, 
at wMch time the organosol was cooled to room temperature yielding an opaque white 
dispersion that formed a moderately strong gel over a period of 2 hours. 

This gel organosol is designated EHNfA/HENfA-TNO/ZMAA/NlNfA/EA (97/3- 
4.7//1/25/74 % w/w) having a calculated Tg equal to -IX. The percmt solids of this 
organosol was detennined as 1 1.6% usiqg the halogen drying method outlined above. 
Accurate determination of average particle size was not possible using the dynamic 
light scattering method described owing to settling of the particles during the time 
scale of the analysis. 

E»nmple24 

20 g of the self stable organosol from Example 10, LMA/HEMA- 
TMI//MAA/MMA/EA (97/3-4.7//1/25/74 % w/wX was mixed with 20 g of the self 
stable organosol from Example 1 1, UlA/HEI^-TMI//DNfAEMA/MNfA/EA (97/3- 
4.7//3/24/73% w/w), in a 4 ounce glass jar. The resultant organosol nuxture formed a 
gel on standing over a period of 24 hours. 

Example 2S 
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20 g of the self stable organosol fiom Example 14, ODA/EOEMA- 
TMI//NfAA/MMA/EA {^nn-AJIimsnS % w/wX was mixed whh 20 g of the self 
stable organosol from Example IS, ODA/HEMA-TMI//DMAENfA/Nfl^fA/E^ (97/3- 
4.7//3/24/73% w/w), in a 4 ounce glass jar. The resultant organosol mixture formed a 
gel on standing over a period of 24 hours. 

Example 26 

20 g of the self stable organosol fiom Example 12, LNfA/DMAEMA/HENfA- 
TMI//MMA/EA (94/3y3-4.7//25/75 % w/w), was mixed with 20 g of the self stable 
organosol from Example 13, LMA/MAA/HEMA.TMI//MMA^ (94/3/3-4.7//25/75 
% w/w), in a 4 ounce glass jar. The resultant organosol mixture formed a gel on 
standing over a period of 24 hours. 

Eiamoie 27 

20 g of the self stable organosol from Example 16, ODA/DMAEMA/HEMA- 
TMI//MMA/EA (94/3/3-4.7//25/75 % w/w), was mixed with 20 g of the self stable 
organosol from Example 18, ODA/MAA/HEMA.TMI//MMA/EA (94/3/3-4.7//25/75 
% w/w), in a 4 ounce glass jar. The resultant organosol mixture formed a gel on 
standing over a period of 24 hours. 

Example 28 

14.8 g of the self stable organosol from Example 1 1 at 16.2% solids, 
LMA/HEMA-TN11//DMAEMA/MMA/EA (97/3.4.7//3/24/73% w/w), was mfaced 
with 16.6 g of the self stable organosol from Example 13 at 14.5% solids, 
LMA/MAA/HEMA-TMI//MMA/EA (94/3/3-4.7//25/75 % w/w), and 8.6 g of 
NORPAR 12 in a 4 ounce glass jar. The resultant organosol mixture formed a gel on 
standing over a period of 24 hours. 

Ex^^mpi^29 

20 g of the self stable organosol from Example 18, ODA/HEMA- 
TMI//DMAEMA/MMA/EA (97/3-4.7//3/24/73% w/w), was mixed with 20 g of the 
self stable organosol from Example IS, ODA/NfAA/HEMA-TNfI//NfMA/EA (94/3/3- 
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AHIIlsns % w/wX in a 4 ounce glass jar. The resuhant otb^uiosoI mixture formed a 
gel on standing over a period of 24 hours. 

Example 30 

20 g of the self stable organosol from Example 14, GDA/HEMA- 
5 TMI//MAA/MMA/EA (97/3-4.7//l/25/74% w/w), was mixed with 20 g of the self 
stable organosol from Example 16, ODA/DMAEMA/HEMA-TMI//MMA/EA 
(94/3/3-4.7//25/75 % w/w), in a 4 ounce glass jar. The resuhant organosol mixture 
formed a weak gel on standing over a period of 72 hours. 

Example 31 

10 20 g of the self stable organosol from Example 22, EHMA/HEMA- 

TMI//DMAEMA/MMA/EA (97/3-4.77/3/24/73% w/w), was mixed with 20 g of the 
self stable organosol from Example 23, miMA/H]aiA-TMI//MAA/MMA/EA 
(94/3/3-4.7//1/25/74 % w/w), in a 4 ounce glass jar. The resultant organosol mixture 
formed a very strong gel over 1-2 hours. 

15 Example 32 

20 g of the self stable organosol from Example 19, LMA/HEMA- 
TMI//DMAEMA/MMA/EA (97/3-4.7//3/24/73% w/w), was mixed with 20 g of the 
self stable organosol from Example 20, LMA/MAA/HEMA-TMI//MMA/EA (94/3/3- 
4.7//2S/7S % w/wX in a 4 ounce glass jar. The resultant organosol mixture fonned a 

20 gd on standing over a period of 24 hours. 

Liquid Toner Examples 

The following liquid toner examples were prepared with a gel organosol 
fonned by mixing 741 g of LMA/HEMA-TMI//DMAEMA/MMA/EA (97/3- 
4.77/3/24/73% w/w) at 16.2% solids with 827 g of LMA/MAA/HEMA- 
25 TMI//KiMA/EA (94/3/3-4.7//25/75 % w/w) at 14.5% soUds, and 32 g of NORPAR 12 
to produce the gel organosol mbcture of Example 28 at IS.0% solids. 

Exampk33 
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This is an example of preparing a cyan liquid toner at an organosol/pigment 
ratio of 8 using the above-described gel organosol mixture. The organosol was mixed 
using a Silverson mix^ (Model L22R, Silverson machines. Ltd, Waterside, England) 
operated at the lowest speed setting. After mixing for 5 minutes, 213.3 g of the 
homogenized organosol were combined with 88.9 g of NORPAR 12, 4 g of the 
Pigment Blue 15:3 (CI 74160:3; #249-1282, Sun Chemical Company, Cincinnati, 
Ohio), and 3.90 g of 6. 16% Zirconium HEX^EM solution (OMG chemical 
company, Cleveland, Ohio) in an eight ounce glass jar. This mixture was then milled 
in a 0.5 liter vertical bead mill (Model 6TSG-1/4, Aimex Co.,Ltd., Tokyo, Japan) 
charged with 390 g of 1.3mm diameter Potters glass beads (Potters Industries, Inc., 
Parsippany, NJ). The mill was operated at 2000rpm for 1.5 hours without cooling 
water circulating through the cooling jacket of the milling chamber. 

A portion of this 12% (w/w) solids toner concentrate was diluted to 
approximately 3% (w/w). This dilute toner sample exhibited the following properties 
as determined using the test methods described above: 

Number Mean Particle Size: 0.392 microns 

Bulk Conductivity: 84 picoMhos/cm 

Percent Free Phase Conductivity: 8% 

Dynamic Mobility: 0.0277 micron-cm/[Volt-second] 

Zeta Potential: 62 mV 
This working strength toner was tested on the plating apparatus described 
previously. The reflection optical density (ROD) was greater than 0.9 at plating 
voltages greater than 450 volts. 

Example 34 

This is an example of preparing a yellow liquid toner at an organosol/pigment 
ratio of 6 usi^g the above-desoibed gel oiganosol mbcture. The organosol was mixed 
using a Silverson mfacer (Model L22R, Silverson machines. Ltd, Waterside, England) 
operated at the lowest speed setting. Afi^ nuxing for 5 minutes, 205.7 g of the 
homogenized oiganosol in NORPAR 12 w^e combined with 86.6 g of NORPAR 12, 
5. 14 g of Pigment Yellow 83 (CX 21 108;#275-OS70, Sun Chemical Company, 
Cincinnati, Ohio), and 2.5 g of 6. 16% Zirconium HEX-CEM sohition (OMG 
chemical company, Cleveland, Ohio) in an eight ounce glass jar. This nuxture was 
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then milled in a 0,5 liter vertical bead null (Model 6TSG.1/4. Aimex Co.^., Tokyo, 
Japan) charged with 390 g of 1.3nim diameter Potters glass beads (Potters Industries, 
Inc., Parsippany, NJ). The mill was operated at 200Qq)m for 1.5 hours iMthout 
cooling water circulating through the cooling jacket of the milling chamber. 

A poition of this 12% (w/w) solids toner concentrate was diluted to 
approximately 3% (w/w). This dilute toner sample exhibhed the following properties 
as detennined using the test methods described above: 

Number Mean Particle Size: 0.816 microns 

Bulk Conductivity: 69 picoMhos/cm 

Percent Free Phase Conductivity: 14% 

Dynamic Mobility: 0.0304 micron-cm/[Volt-second] 

Zeta Potential: 68 mV 
This working strength toner was tested on the plating apparatus described 
previously. The reflection optical density (ROD) was greater than 1.3 at plating 
voltages greater than 450 volts. 

Example 35 

This is an example of preparing a black liquid toner at an organosol/pigment 
ratio of 6 using the above-described gel organosol mixture. The organosol was mixed 
using a Silverson mixer QAodd L22R, Silverson machines. Ltd, Waterside, England) 
operated at the lowest speed setting. After mixing for 5 minutes, 205.7 g of the 
homogenized oiganosol inNORPAR 12 were combined with 85.8 g of NORPAR 12, 
5.14 g of Monarch 120 carbon bUu;k (Cabot Corporation, Billerica, Mass.), and 3.34 g 
of 6. 16% Zirconium HEX-CEM solution (OMG chemical company, Cleveland, Ohio) 
in an eight ounce glass jar. This mixture was then milled in a 0.5 liter vertical bead 
mill (Model 6TSG-1/4, Aimex Co.,Ltd., Tokyo, Japan) charged with 390 g of 1.3mm 
diameter Potters glass beads (Potters Industries, Inc., Parsippany, NJ). The mill was 
operated at 2000rpm for 1.5 hours without cooling water drculating through the 
cooUng jacket of the milling chamber. 

A portion of this 12% (w/w) solids toner concentrate was diluted to 
approximately 3% (w/w). This dilute toner sample exhibited the following properties 
as determined using the test methods desoibed above: 

Number Mean Particle Size: 0.288 microns 
Bulk Conductivity: 96 picoMhos/cm 
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Percent Free Phase Conductivity: 4% 
Dynamic Mobility: 0.0323 miaonrcni/[Volt-second] 
Zeta Potential: 72 mV 
This working strength toner was tested on the plating apparatus described 

previously. The reflection optical density (ROD) was greater than 1.3 at plating 

voltages greater than 4S0 volts. 

Example 36 

This example illustrates the preparation of a high solids gel organosol from a 
preformed lower solids gel organosol. Such high solids organosols can be used to 
prepare high solids toner concentrates suitable for use as toner replenishments in 
liquid immersion development. 

Approximately 1000 g of the gel organosol mixture of Example 28 at IS.0% 
solids was stored without agitation in a two liter wide mouth polyethylene bottle. 
After approximately 24 hours, the sample had separated into a lower gel phase and a 
clear supernatant liquid phase consisting essentially of NORPAR 12. The clear • 
supernatant liquid was carefully decanted, and a sample of the lower gel phase was 
removed. The percent solids of this sample of concentrated gd organosol was 
determined using the infrared drying method described above. The gel organosol 
solids had increased from IS.0% to 35.1%. The resulting gel organosol concentrate 
can be used to prepare of gel inks at concentrations greater than 35% (w/w). 

Example 37 

This example illustrates the preparation of a high solids gel ink from a 
preformed lower solids gel ink. This example also illustrates a method for 
additionally reducing the free phase conductivity of such gel ink concentrates relative 
to the starting ink. Such high solids inks with reduced free phase conductivity are 
particularly usefiil as toner replenishers in liquid immersion development. 

^proximately 35 g of the yellow gel ink at 12.0% solids (1 1% free phase 
conductivity) from Example 34 was transferred to a 50 ml centrifuge tube and 
centrifuged at 5"^:. for 5 minutes at 750Qrpm (7,640 relative centrifugal force) in a 
Jouan MR1822 centrifuge. The ink separated into a lower pigmented gel phase and a 
clear supernatant liquid phase consisting of essentially NORPAR 12. The clear 
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supernatant liquid was carefiilly decanted, and a sample of the lower gel phase was 
removed. The pat:ent solids of this sample of concentrated gd toner was detennined 
using the infrared drying method described above. The gel toner solids had in^eased 
from 12.0% to 28.1%. Approximately 10 g of NORPAR 12 was added to this gel 

5 toner concentrate. The gel concentrate was mixed by shaking the capped centrifiige 
tube. The concentrated gel ink readily redispersed upon mixing with the added 
NORPAR 12. This sample was centrifiiged at S'^C. for 1 hour at 7500 rpm (7,640 
relative centrifiigal force) in the Jouan MR1822 centrifiige. The supernatant was then 
carefiilly decanted, and the conductivity of this solution was then measured using a 

10 Scientifica Model 627 conductivity meter operating at 12 Hz. The percentage of free 
phase conductivity relative to the bulk toner conductivity was now found to be 
i^proximately 1.0%. 

A number of embodiments of the invention have been described. 
15 Nevertheless^ it wUl be undmtood that various modifications may be made without 
departing from the spirit and scope of the invention. Accordingly, other embodiments 
are within the scope of the following claims. 
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WHAT IS CLAIMia> IS: 

1. A gd oiganosol dispersion compriwig: 

(a) a caiiier liquid having Kauri-Butanol number less than 30; and 

(b) a graft copolymer comprising a (Go)polymeric steric stabilizer 
covalratly bonded to a thermoplastic (co)polymeric core that is insoluble in said 
carrier liquid, 

wherein said graft copolymer comprises Lewis acid and Lewis base- 
functional groups that interact with each other to form nonrcovalent crosslinks. 

2. A gel oiganosol dispersion according to claim 1 wherein said dispersion 
further conq)rises a colorant. 

3. A gel organosol dispersion according to any one of the preceding claims 
wherein said graft copolymer comprises Lewis acid-fimctional units selected from the 
group consisting aaylic acid, methacrylic acid, 2-acrylamido-2-methyl propane 
sulfonic acid, and combinations thereof 

4. A gel oiganosol dispersion according to any one of the preceding claims 
v^erein said graft copolymer comprises 0. 1-5% of said Lewis add-fonctional units on 
a weight to weight basis. 

5. A gel organosol dispo-sion according to any one of the preceding claims 
wfamin said graft copolymer comprises Lewis base-functional units derived from 
monomers selected from the group consisting of t-butylamino methacrylate^ 
diethylaminoethyl methacrylate, 2-dimethylaminoethyl methacr^at^ 
dimethylaminopropyl acrylamide, 2-diisopropylaminoethyl methacrylate, 4- 
hydro^g^utyl acrylate, 2-hydroxyedi3d acrylate, 2-hydro3grethyl methacrylate, 2- 
hydro3gi)ropyl aorylate, 2-hydroxypropyl methaoylate, 2-vinyl pyridine, 4-vinyl 
pyridine N-vinyl pyridine, and combinations thereof 

6. A gel oiganosol dispersion according to any one of the preceding claims 
wherein said dispmion has a solids content of at least 2% by weight. 
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7. A gel oiganosol dispersion according to any one of the preceding dai^ 
wherein the Hildebrand solubility parameter difference between said stabilize' and 
said carrier liquid is no greater than 3.0 mPa^^. 

8. A gel organosol dispersion according to claim 2 wherein said colorant 
comprises a pigment. 

9. A gel oiganosol dispa'sion according to claim 8 wherein the ratio of said graft 
copolymer to said pigment on a weight to weight basis is between 1/1 and 20/1. 

10. A gel oiganosol dispersion according to any one of the preceding claims 
wherein said dispersion fiirther comprises a charge director. 
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